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It tells your 
"RINGER® 


when not to ring! 


The Bell System’s new automatic method of adjusting telephone ringers uses a bea 
of light passing between the gongs to a photoelectric cell. When test currents 
applied to the ringer the machine decides whether to change the spring tensior 


the magnetic pull. After each change it tests again until the ringer is in perfect ad 
ment—and the whole procedure takes only 30 seconds. 


To you, it’s your familiar telephone bell. 
To telephone engineers, it’s a “ringer.” And 
it has two jobs to do. 

It must ring, of course, when someone calls 
you. And it must overlook the numerous elec- 
trical impulses which do not concern it, such 
as those sent out by your dial. 

Ability to respond to some impulses, to 
ignore others, requires exact adjustment be- 
tween the pull of a magnet and the tension of 
a spring. If they are out of balance your tele- 
phone might tinkle when it oughtn't, or keep 


silent when it should ring. 


BELL TELEPHONE LABORATORIES ¢; 


In the past, adjustment was made by hand, 
little by little until the proper setting was 
reached. It took time. But now Bell Labora 
tories engineers have developed a machin 
which adjusts new ringers perfectly, befor 
they leave the Western Electric Company 
plants where they are made. And the opera 
tion takes just 30 seconds. 

This is another example of how the Lab 
oratories work constantly to improve ever\ 
phase of telephony keeping the costs low 
while the quality of service grows higher an 


higher. 
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WORKING CONTINUALLY TO KEEP YOUR TELEPHONE SERVICE ONE OF TODAY'S GREATEST VALUES So. Wy 
aro 
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re Science and Technology ~ 


From the Month’s News Releases) 


Capper 
about the length of a_ king-sized 


\ 4-ounce device 
uncap and recap a bottle with 


cigarette, which will 
equal ease, is also a practical ice cracker. Since bottles 
may be refilled with other liquids and recapped, the 
gadget is useful for camping trips and other travel. 


Collapsible Drum 
A new 55-gallon reusable drum of synthetic fabric 
and rubber, suitable for shipping oils, greases, fats, acids, 


paints, emulsions, soaps, dry powders, and certain phar- 


maceutical and industrial chemicals, can be collapsed 
after emptying. More than 2,500 of the collapsed drums 
can be shipped in a standard box car that will hold only 
300 rigid drums. The addition of a metal plate makes it 
possible to empty the drum from an overhead hanging 
corners and light weight make it 


position, rounded 


easily handled, and it needs no venting. 


The Insects in Your Life 


Garden insecticides should not be laid down in a mist 
on the outside of the plant. A new sprayer delivers a 
fine, fan-shaped, forceful spray under leaves, down, or 
sideways against walls, without soiling plants, and may 
be used for treetops. Fully loaded the sprayer weighs 
only 3 Ibs. and delivers 4 gallons of solution when at- 
tached to a garden hose. A similar sprayer has a 2-gallon 
capacity. 

Yosemite Chemical Company, 1040 Mariposa St., San 
Francisco 7, is marketing Dispercicide, a dry aerosol bomb 
for space-killing and residual control of adult moths, bed- 
bugs, bean weevils, cockroaches, fleas, flies, gnats, grain 
weevils, midges, mosquitoes, silverfish, and spiders. It 
comes in a self-dispersing disposable container and acts in 


about four hours. 


single 
Corner 


Portable drawing board of styrene consists of 
molded piece of clear plastic, 934” 12%”. 
clamps recessed into the plastic hold paper, thus elimi- 
nating thumbtack holes. Two metal straight edges are 
retractable, and 30-, 60-, and 45-degree triangles are 
stored in recesses underneath the board. 


Crosshatch the Easy Way 

Twenty-three sizes and styles in a plast 
drafting and lettering triangle, ranging in p 
cents to $1.70, ensure rapid drawing of parall 
of different heights and both whole and fract 
sions. Crosshatching is simple. 


Ever-ready pH Meter 

A pocket-size meter and probe unit pert 
on-the-spot pH determinations anywhere. A 
shoulder-strap case allows the instrument to be 
the shoulder or hung around the neck. Met 
from 2 to 12 pH, and a simple adjustment 
ings from 0 to 14, with an accuracy of 0.1 pH 
aid—type batteries provide up to 1,300 hou 


tion. 


See 9,000 Stars 


A new model of the Zeiss planetarium pr 
instrument that has not been in production 
the war, has become available. Only a limited 
contracts can be accepted in any one yeat 


Title Shooter 

A titler with complete accessory kit, for 
amateur and T. V. film men, is available for 
8-mm, and still cameras up to view camera sizé 


designed for use in both a horizontal or a vertical posit 


Inexpensive, it is said to be equal in scope and applica 
to much higher priced 35-mm professional titlers 


New Paints 

A washable, streak- and mar-resistant flat wall 
comes in nine basic deep colors, which may be int 
to achieve a wide range of decorator colors 

Nontoxic, flashproof, water-repellent paints ca 
withstanding temperatures up to 1,900° F. may 
as finishes for all types of wood or metal surfaces 
minum, white, and gray are standard colors, and 
may be obtained on special order. One coat is al 


I 


pa 


usually needed. 


Poison Ivy Remedy 

A salve, based on zirconium carbonate, said to 
a neutralizer against the irritant in the poison ivy 
has received Food and Drug Administration 
and is reputed to be effective in about 90 per 
cases. It also may prove useful in treatment ol 
foot and some industrial dermatose:, as well as fo! 


sonal deodorant. Available in tubes and small 


Distinctive Fiber 

Dupont’s new pciyester fiber, Dacron, formerly I 
V,”’ will probably be used in suitings and all 
outerwear, particularly because of its wrinkl 
and press-retention properties when wet, moist 
It launders with little or no shrinkage or wrin 
though a few problems remain to be solved 
for example, and dyeing—commercial prod 
scheduled for Dupont’s new plant now going u 
ston, N. C. Dacron is not chemically related 
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sensitive tape with the radioactivity symbol 
RADIOACTIVITY printed in magenta on 
ground (approved radiation warning colors 
hat small pieces can be torn off and put on 
Each complete design is one and one-half 
[t is sold in rolls 215 feet long, one inch wide, 
ised on a standard holder. 


Warning 


forced Feeding Pump 
to ensure adequate fluid and food intake fo1 
) cannot or will not eat because of bad burns 
juries, the BSM Pump developed in the De- 
if Plastic and Maxillofacial Surgery of the 
of Texas Medical Branch, Galveston, requires 
il] amount of routine care and supplants drip 


Designe 
atients W 
other 
yartment 
Universit 


nlv a si 


:pparatus and syringe feeding. Food is blended in a War- 
ov mixer so that the viscosity is about that of plain 
Petrolagar, and is kept in a vacuum bottle to guard 
wainst spoilage. The patient may eat solid food accord- 
to appetite without interfering with the pump feed- 


Touch and Go 
Colorless and ordorless ink and stain remover comes in 
)-ounce applicator bottle with a small perforation in 
top that allows just enough fluid to flow as needed. 
Cleaning solution will remove all types of ink, fruit, vege- 
table, and nicotine stains from the hands, and ink from 

lothing and furniture. 


Wood Preservative 

Cellu-san can be applied by dip, spray, or brush, is 
wailable as a liquid concentrate, and is completely safe 
to handle. It will, according to the manufacturer, Fungi- 
rol Chemicals, Inc., lengthen the life of wooden pallets, 
boxes, baskets, and crates and protect them from mold, 
iidew, and rough handling. It is water-repellent, im- 
proves nail-holding power, and preserves wood resiliency. 


Tough Toweling 

Medico paper toweling is so strong that it won't fall 
apart even when wringing wet and is lint-free and fully 
absorbent. It comes packed in 100-foot rolls in portable 
dispenser boxes with a metal cutting edge. A unit of 12 
oxes includes a 30-inch high wood-grained receptacle 


lor used towels. 


acuum Calculator 
F. J. Stokes Machine Company, 5900 Tabor Rd., Phila- 
lelphia 20, is offering for free distribution a slide rule 
iesigned for quick calculations in vacuum research and 
rocessing work. Reverse side includes Antigrade-Fahren- 
t graph and a chart showing boiling points of various 
vents under pressure. 


ublications Noted 


Teparation for Retirement: A Study of Post-employment 
Adjustment. Esso Standard Oil Co., New York. 
stematics and Origin of the Generic Group 
Oxyptilus Zeller (Lep. Alucitidae). Stanislaw Adam- 
Entomology Bull. Vol. I, No. 5. The British 
Natural History), London. 1951. 
sass of Sigma Gamma Epsilon. Vol. 28, No. 2. 
Bullard, Ed. University of Texas, Austin. 
|. 


Bibliography of Weed Investigations for 1950. Plant In 
dustry Station, USDA, Beltsville, Md. Jan. 1951. 

A Report on an Administrative Survey of the U. § 
Office of Education of the Federal Security Agency. 
Reprinted by Federal Security Agency, Public Admin- 
istration Service, Chicago. Oct. 1950. 

Social Science Research Council Annual Report 1949 
1950. Social Science Research Council, New York. 

A Synopsis of the World Literature on the Fruit Tree Red 
Spider Mite Metatetranychus Ulmi (C. L. Koch, 1835 
and its Predators. Joan R. Groves. Commonwealth In- 
stitute of Entomology, London. 1951. 20 s. 

Geology and Barite Deposits of the Del Rio District, 
Cocke County, Tennessee. H. W. Ferguson and W. B 
Jewell. Division of Geology Bull. 57. State of Tennessee 
Dept. of Conservation, Nashville. 1951. 

Acta Agronomica. Organo de la Facultad de Agronomia 
de Palmira. Vol. I, No. 1. Universidad Nacional dé 
Colombia, Facultad de Agronomia, Palmira. Dec. 1950 

Modern China Monthly. First Issue. Chen Shih-Chuan, 
Publisher, 25, Lane 16, Section 2, Chun Shan Road, 
North Taipeh, Taiwan, Free China. Oct. 1950. 50¢, 
in U.S.A. 

Comedores Populares. Boletin Informativo del Instituto 
Nacional de Nutricién. Vol. 1, No. 6. Amando Gon- 
zalez Puccini, director, Instituto Nacional de Nutricion, 
Venezuela, May—Nov. 1950. 

Archivos Venezolanos de Nutricién. Organo Oficial del 
Instituto Nacional de WNutricién. Editor, Instituto 
Nacional de Nutricién, Apartado 2049, Caracas, 
Venezuela. Dec. 1950. 


MSA Maskfone, a development of Mine Safety Appliances 
Company approved by the U. S. Bureau of Mines for use 
with most masks employed by fire departments and in 
dustry, allows two-way voice communication over long 


distances, thus permitting instant transmission of orders 





Exclusive B&L advantages save time, cut costs, increase 
operator efficiency and comfort... in industrial quality 
control, in research, and in experimentation. Quick, 
positive determination of the percentage of dissolved 
solids in foods. Highest-accuracy identification and 
testing of transparent and opaque liquids and solids, by 
either transmitted or reflected light. Here are a few of 
the “Abbe-56” features you'll appreciate in your work. 


SPARE PRISM SET—Quickly, easily interchanged; ends 
“down” time. (Optional) 


I9 
\e/ Bausch & Lomb thhbe o Se Refractomete! 


able INSTRUMEN 


...if you make any of these. 


Be sure it’s the world’s finest Abbe: 
type refractometer—the B&L “Abbe-56"! 
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ACETIC ACID 
r— ALCOHOL 
BERRY PRESERVES 


———+— BEVERAGES 
BOROSILICATE 
CROWN GLASS 


BROMONAPHTHALENE 
BUTYRIC ACID 

Pad. CHEESE PRODUCTS 

DISTILLED WATER 
L— EGG SOLIDS 
ETHYLANTRACENE 
EXTRA DENSE FLINT 
“| ——+— FLINT GLASS 
FLUORINATED HYDROCARBON: 
FRUIT BUTTERS 
r— HONEY 
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FRUIT PRESERVES 


———tm MAPLE SYRUP 







NAPHTHALENE 
-— NYLON 
r— OIL CONTENT 


PAPER MILLS 
(STARCH SOLIDS) 
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FIXED-POSITION EYEPIECES— Mounted close together 
and inclined, for speed and comfort. 















INTERNAL GLASS SCALE—Protected from dirt, corto 
sion. Index, 1.30 to 1.71; theoretical accuracy, +.000! 







PROTECTIVE HOUSING—Streamlined metal, safeguarés 
scale and moving parts. 












WRITE for complete information and a demonstration 
Bausch & Lomb Optical Company, 771-6 St. Paul \ 
Rochester 2, N. Y. 
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elminths in History 


ILEEN E. STEWAR 


Ileen Stewart took her undergraduate studies in biology at the University of 
Manitoba, Winnipeg, and taught there in 1945. She holds an M.S. degree from 
the University of Minnesota in the field of parasitology. At present Mrs. Stewart 
is engaged in a breast cancer project at the Dight Institute for Human Genetics, 


University of Minnesota at Minneapolis 
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OMETIME about 1550 B. c. 


or possibly several 


an Egyptian 
physician gathered to- 
gether the medical facts and fancies of the 
imes and of the ages that had gone before in that 
gion of the world. The collection developed into 
book written on papyrus in the picture language 
now call hieroglyphics and was_ eventually 
aled into a dead man’s tomb. Egyptologists dig- 
ing for the buried past of the Nile Valley in 1872 
nearthed the manuscript near Thebes. The his- 
ry of parasitology begins with this find. 
lhe year after it was brought to light the manu- 
ript was purchased by an ardent archaeologist, 
peorg Ebers, who translated what he could, pub- 
shed this with a facsimile of the papyrus and de- 
sited the original in the University Library at 
translation it 
medical volume 


elpzig. From Ebers’ was evident 


lat the papyrus was a essen- 
ally a collection of recipes for remedies against 
liseases that plagued the early Egyptians. 
ind untombing continued in the twentieth 

and the vocabulary of hieroglyphic sym- 
eased. By 1937, when Ebbells in Denmark 

| his translation of the Ebers Papyrus, few 
mained a mystery. Gradually a picture of 

cal profession in ancient Egypt was emerg- 


ization existed among the medical priest- 
nas now. There are indications that, for a 
vas carried to such extremes that every 


disease was treated by a different physician. Gen- 
erally, however, three categories of doctors prac- 
ticed the healing arts. ‘he surgeon-priest led the 
hierarchy. His duties were primarily concerned 
with wounds and fractures, common traumas of a 
young civilization. The unpleasant task of trepan- 
ning was his to perform. This brain surgery was 
not original to his age, for Stone Age skulls, 10,000 
years old, show such scars. The Egyptian surgeon 
possibly improved the technique; with cautery he 
the little. 


Desc riptions of the surgeon-priest’s operations are 


may have lowered mortality rate——a 
preserved for us in the Edwin Smith Papyrus, dated 
approximately 1600 p. c. 

A second branch of Egyptian medicine treated 
the patient’s ills with incantations and spells. This 
practice was intimately connected with the reli- 
gious life of the people and the divinities they had 
set up to preside over the curing of diseases. In the 
early dynasties Isis was the principal god; later 
Imhotep and Thot succeeded her in popularity. The 
priests in the temples of these gods left us a record 
too, and we read of their potions and recitations in 
the so-called London Medical Papyrus (1350 ps. ¢ 
The existence of this semireligious practice has 
given rise to the tendency, on the part of many 
historians, to consider most Egyptian medicine a 


he 


were limited in thei application, however. and 


matter of superstitious ritual. incantations 


seemed to represent a combination of piety on the 





part of the god-worshiping populace and a source 
of solace when the prognosis of a disease was dis- 
couraging 

What Gray’s Manual is to the botanist today, the 
Ebers Papyrus must have been to the Egyptian 
general practitioner. The purpose of the compila- 
tion originally may have been to supply a text to 
the doctors who did not have access to the Royal 
Library. It is extremely unlikely that many physi- 
cians owned a copy, but the contents had probably 
been memorized during the training period at the 
medical school of the day. Dozens of remedies are 
offered for every common complaint. The doctor 
could make a choice or try them all in turn. Foul 
or offensive substances were part of most dosages, 
intended, no doubt, to make the prescription as 
unpalatable as possible to the evil spirit possessing 
the patient. 

Two intestinal helminths of man are discussed in 
the Ebers Papyrus; the roundworm (Ascaris) and 
the tapeworm (7 aenia). To “expel the roundworm 
in his belly” thirty-two recipes are available to the 
patient—recipes with such intriguing ingredients 
as pomegranate roots, potamogeton leaves, red 
ochre, malachite, turpentine, dates, and goose fat 
In nearly all cases the final product was left over- 
night in the dew, strained the following morning 
and washed down with a liberal volume of “sweet 
beer.” Possibly the chaser did as much for the wel- 
fare and recovery of the patient as the prescription 
that preceded it! “To expel the pains caused by 
tapeworms,” a special recipe is given for a poultice 
to be applied to the abdomen. 

A large section of the papyrus is devoted to 
the subject of haematuria, indicating the wide- 
spread incidence of this disease and its causa- 
tive agent, Schistosoma haematobium. It was 
generally believed that the symptoms were due 
to the presence of “a god or dead man in the belly 
of a man,” but another paragraph in the papyrus 
may be closer to the truth. “Another excellent 
remedy amongst those prepared for the belly is. . . 
and is eaten by a man in whose belly there 
are brrw-worms; it is haematuria that produces 
them, and they are not killed by any remedy.” 
Fbbells translates “‘4rrw -worms” as S. haemato- 
bum. It was not until 1851 that Bilharz discovered 
the adult schistosomes in the mesenteric vessels of 
a Cairo native and later demonstrated that the 
haematuria so prevalent in the population was 
caused by the eggs of these worms migrating 
through the blood vessels and bladder walls. ‘That 
an Egyptian physician in 1550 Bs. c. knew of the 
existence of these minute worms in the blood 
vessels of his patients is extremely unlikely. He 
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Page from Eber’s Papyrus discusses remedies for 
parasitic worms. 

would never see the worms expelled in the f¢ 
as were the roundworms and tapeworms. The re. 
ligious custom of embalming the dead afforded 
technicians in the House of Death an opp 
for human dissection; in this way they 
acquainted with anatomy. There is a very remot 
possibility that the blood flukes were d 
during the evisceration process of embalming. That 
the physicians knew the “ 4rrw-worms” wer 
killed by any known remedy somewhat support: 
the diagnosis, for not until the antimony com- 
pounds were found to be specific for schistosomiasis 
(after 1900) was any effective treatment know! 
That S$. haematobium was present in Egypt at th 
time of our author has been proved recently 
another manner, however. Ruffer in 1910 w: 
to identify calcified eggs from the kidney: 
mummies from the thirteenth century B. ¢ 

Another helminth parasite that seems t 
harassed the ancient Nile dwellers was th 
World hookworm (Ancylostoma duodenal: 
following description is believed to be 
Egyptian chlorosis, the disease caused by this pata 
site. “If thou examinest a man for sufferi | 
cardia and thou findest that he had turned 
pale (lit., ‘has crossed the channel to the | 
he has pains in both his sides, his belly is to 
for food and his stomach is oppressed whet 
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ters into it (this thou shalt say) it is 
thou shalt fight it by means of strong 

The reference to the patient’s pallor 
| allude to hookworm anemia, a common 
nd severe symptom of this disease. 

Toward the end of the papyrus there is a short 

of surgical operations. One of these is 
“Instructions concerning ‘3wf in any 
a man” and states: “If thou findest a 
welling of a larvae in any limb of a man, then thou 
shall apply a bandage to it. If thou findest that it 
omes and goes, piercing through to the flesh which 
's under it, then thou shalt say concerning it, ‘wt 
has entered it. Thou shalt perform an operation for 
t, the same being split with a knife and seized with 
in instrument [forceps]; . . there is one therein, . . 
like [brains] of a mouse; thou shalt remove it with 
. knife without taking away those enclosures [the 
fibrous capsule] which are on the sides of it and 
which adjoin the flesh.” 

The translation of ‘3w¢ is taken no further than 
Jarvae,” but it seems highly probable that the 
riginal author was referring to the Guinea worm 
Dracunculus medinensis), which is still endemic 
in the Nile Valley. The operation described above 
for its removal is the preferred treatment today. 
However, the generations that followed these early 
dynasties lost much of the art of surgery that had 
reached such proficiency at this time. Later there 
arose anew method for removing this irritating pest. 
[he worm was wound on a weighted stick which 
was turned a few centimeters every day; eventually, 
if the parasite did not break, it was completely re- 
moved from its subcutaneous burrow. Just when 
this treatment became established is unknown, but 
it is still practiced by infected natives in Africa and 
Asia. 

While the Egyptians were constructing their 
pyramids and leaving the Sphinx to watch the 
desert, another race in that region of the world was 
becoming acquainted with parasitic helminths. 
[his group left their report of the struggle in the 
Old Testament and, later, in the Talmud. The 
sojourn of the Hebrew people in Egypt had been 
a lengthy and laborious one, and their first contact 
with many parasites occurred during this period of 
their history. Their choice of a leader for the escape 
‘rom Egypt and the long journey through the 
desert was an expedient one. Moses (1531-1450 

had spent his youth at the Egyptian court as 
‘oster-son of Pharoah’s daughter. Here he 


probably received the best education available and 
] 


ould 


appenal 


much from the court physicians; as leader 
Israelites this medical knowledge proved 
ble. 


The poor health of the traveling tribes may have 
warranted the pause that was made in the journey 
when Moses delivered the Laws to his people. In 
Num. 21 : 6-9 he speaks of the “fiery serpents” 
that were to be “put upon poles.” The exact in- 
terpretation of this passage is still in dispute, but 
most historians are willing to agree that the Guinea 
worm was the serpent in the camp. Very likely the 
pools where the Israelites had stopped to bathe or 
drink contained infected Cyclops and an epidemic 
had broken out in camp. Moses then instructed his 
followers in the primitive operation of winding the 
worm on a stick. It is estimated that the Children 
of Israel took about twelve months to make their 
famous journey; this time approximates the ten-to- 
twelve-month development period of the Guinea 
worm. 

All animals to be used for food by the migrating 
Hebrews were separated into “clean” and “un- 
clean” categories, based mainly on infection of the 
animals with parasites. Swine, on the condemned 
list then as now, were sources of pork tapeworm 
and Trichinella. Most of the “unclean” fowl were 
scavenger birds of prey. Fish were acceptable in the 
diet, but not other seafoods. Had a parasitologist 
been preparing this list, this last law would have 
been reversed. One major helminth was allowed 
free access to the Hebrew table; the beef tapeworm, 
Taenia saginata, continued to make its presence 
known. 

At another time Moses warned his people against 
“infected water,” instructing them in drinking from 
cupped hands. Reasons for this warning are not 
given, but some can be offered. Many pools in the 
tropics are filled with small blood-sucking leeches 
that tenaciously attach themselves to the pharynx 
of man and beast. Just as many watering holes may 
have been sources of the Guinea-worm larvae, so 
may with the 
cercariae of the schistosomes. 

None of the Old Testament sources is complete 
or concise about the parasitic travails of the 
Hebrews. But they do furnish us with information 
about the probable helminths that the Israelites 
acquired in Egypt and carried to the Promised 
Land in Asia. 


In later periods of Hebrew history the Greek 


the same waters have swarmed 


influence in medicine overcame the Egyptian. The 
Talmud is the compilation at a later period (A. p. 
390) of the new interpretations and explanations 
of the old Laws. From the medical contents of this 
work we find two references to The 
first is the consolation offered to the patient that 
hydatids of the liver are not fatal; the second, that 
onions should be eaten to rid oneself of worms. 


helminths. 





Eastward, in India, at the time of Moses, a quite 
advanced civilization existed, one with a broad 
knowledge of medicine. There appears to have 
been no specialization here—all physicians were 
general practitioners. Most of the early medical 
writings were incorporated into the sacred books 
of the various religions. In the Vedas (1500 Bs. c.) 
the physician is informed that: “Abdominal colic, 
expectorations, rigors, pain, eructations, vertigo, 
disgust for food, redness of the eyes and emaciation 
may arise when the disease depends upon worms.” 
Indian medicine has virtually remained stationary 
at this degree of development since the Vedas and 
similar volumes were written. 

Much of the medical lore of the Egyptians be- 
came the heritage of the Greeks as they fashioned 
their civilization in the last few centuries B. Cc. at 
the eastern fringe of the Mediterranean. The 
knowledge they inherited was essentially factual, 
the accumulation of Egyptian observation and ex- 
perience. The Greeks attempted to put these facts 
together and derive a systematic pattern in nature. 
Many of their interpretations were still tinged with 
mysticism, but were philosophical and logical as 
the Egyptians’ had never been. 

For many generations the Greek nation had no 
organized priesthood, as the Egyptians had, to pro- 
tect and propagate their learning. Nor had they an 
easy means of written communication. In papyrus 
the Egyptians had found a cheap writing material, 
as had the Babylonians in clay tablets. But the 
rocky shores of Greece and Crete offered only 
metals and parchment for stationery. Both were 
expensive and inconvenient. 

Until trade was established with the Egyptians 
through the Phoenicians and papyrus was im- 
ported, the Ionian scholar was obliged to use what 
his natural resources could yield. The lack—or 
scarcity—of writing materials and the general il- 
literacy of the population led the adaptive Greek 
philosopher to devise the poetic expression; short 
poems could be easily memorized, even sung. The 
dissemination of his ideas set the scholar on the 
road. If he became popular or renowned for his 
wisdom, he rested and established a school. 

Medicine, in the early Homeric era of Greek 
history, was ecclesiastical, in the temples of 
Aesclepius. Here a combination of empirical knowl- 
edge and superstitious ritual was foisted upon the 
ill Greeks who sought a cure from the gods. Not 
until the fifth century B. c. was medicine removed 
from this environment and placed on a secular 
plane. 

During this fifth century, from the medical 
center of Cos, Hippocrates (460-377 B. c.) emerged 
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to become, historically, the father of m: 
ence. Greek medicine was slowly libera 
from religion when he began to practice, 
than any other physician of that day, he a 
the complete severance. He attempted 
medicine free from philosophy as well as 
and to place upon the medical profession ; 
ethics it had never hitherto worn. 

Hippocrates’ fame is dependent primai 
literary achievements. By general consent, | 
only four treatises in the immense Hippo 
lection can be credited personally to thi 
scientist. The remainder of the multitudin 
pers are the productions of a score of fifth 
ond-century authors. 

In the surgical sections of the Hippocratic 
can be found the description of an operation {o 
the removal of hydatid cysts from man, confirma- 
tion that the parasite Echinococcus granulosy 
preyed upon the early Greeks. It is doubtful if Hip- 
pocrates knew that this disease was in any way re- 
lated to a helminth, but he did know that flatworms 
and roundworms were harbored by his fellow-men 
In his Aphorism he speaks of these parasites as the 
only intestinal forms in man. Also in this volume 
we read: “And indeed roundworms do breed, but 
the broadworms do not, though some say they do.” 
With this statement we meet the first speculation 
about the origin of parasitic helminths. For the 
next 2,000 years this problem vexed the minds of 
all naturalists who looked upon the wiggling worm 
and asked ‘From where?” 

To account for the broadworm that did not 
breed, Hippocrates offered a novel hypothesis 
**Tis bred in the Child in the womb, and grows 
old with the Man (not occasioning his death) un- 
less ’tis first wholly expelled by medicines.” His 
curiosity about tapeworms was not limited to spec: 
ulation, for he observed: “For a man with a broad- 
worm exerns often with his Dung, something lik 
a cucumber-seed; and there are some men who sa\ 
this is the offspring or brood of the worm. But th: 
who say so, do not say right in my opinion; neith: 
can so many be bred by one creature, nor is ther 
room in the gut for so many of them to bring up tht 
brood.” 

From the habit the beef tapeworm has of shec- 
ding proglottids singly, it would appear that 1 
fragments of this species were the “cucumber 
seeds” to which Hippocrates referred. The anthel- 
minthics recommended were, in most cases, identi: 
cal with those offered by the Egyptians in th 
papyrus: further proof that the Greeks claimec 
and built upon the older knowledge from the Nil 
region. 
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Aristotle (383-322 B. c.) followed Hippocrates in 

attention to human helminths. In his His- 
joria animalium he verifies observation made by 
Hippocrates “The flatworm... lays a thing like 
seed” —and adds a new species to the ex- 
tal of two found in man. 


drawl 


a melon 
isting 
Other insects are not derived from living parentage, 
but are generated spontaneously ; some in the flesh 
ils, some in excrements; and some from excre- 
fter it has been voided, and some from excrements 
vet within the living animal, like the helminths or in- 
vestinal worms. And of these intestinal worms there are 
three species. One named the flatworm, another the 
roundworm, and a third, the ascarid. These intestinal 
worms do not in any case propagate their kind. 


of anil 


ments < 


Not even a preformation theory such as Hippoc- 
rates proposed was acceptable to this author. But 
here we do meet the theory of spontaneous genera- 
tion, which was to account for reproduction in 
lower animals for centuries to come. Aristotle al- 
lowed sex and parenthood to man and the beasts. 
In fact, he even extended the privilege to the grass- 
hopper and the squid. But, for the father of the 
scientific method, worms could only come from 
putrefying material. It is interesting to read Aris- 
totle’s apology for being so fascinated by these 
forms. “In all natural objects there lies some mar- 
vel, and if anyone despises the contemplation of 
lower animals, he must despise himself.” 

Pliny (A. D. 27-79), a later Greek writer, was the 
first to mention the size of the flatworm, to which 
he gave the name Taenia. His surprise that such a 
creature would reach a length of thirty feet in the 
bowels of a man is promptly followed by several 
nauseating vermifuges for the elimination of the 
monster. Possibly the foundations of scientific ac- 
curacy were laid when Pliny took the time to 
straighten out and measure this early tapeworm. 

The last great biologist of antiquity was Galen 
A. D. 130-200). His immortality was gained by 
splendid anatomical manuscripts, which became 
the textbooks of medical men for generations, until 
an even greater anatomist, Vesalius, corrected the 
errors in Galen’s dissections. Galen’s contribution 
to parasitology was to locate the site of the hel- 
minths in the intestine. He believed that the as- 
carides (pinworms) bred in the lower part of the 
gut and migrated to the anus on occasion. The 
roundworms lived in the upper part of the intestine 
and often could be accused of wandering into the 
stomach; the recovery of Ascaris from the vomitus 
of children may have prompted this statement. The 
broadworms were understood to extend throughout 
all the intestine. 

At the same time that Galen wrote of worms, a 
lesser Greek author, Atius, very ably described the 
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symptoms of intestinal helminthiasis and contrib- 


uted another theory of origin. 


that is called the broadworm .. . is the 
changing of a small skin within the intestines into a 
certain living body, that causes continual gnawings at the 
stomach, and an insatiate appetite to eat. For that which 
is received is not digested but purg’d away. Leaness and 
weakness of the Body and a continual Hunger attended 
with Laziness, are the Infirmities which follow. For that 
which lives in the Intestines, consumes the Aliment as 
soon as receiv’d and afterwards gnaws, or presses upon 
the solid substance of the stomach and guts; But the 
truest sign is when something like Gourd Seed is voided 


The worm 


with the excrement. 

For several centuries after the Greek civilization 
collapsed under Roman invasion, little progress 
was made in the natural sciences. The peak that 
biological science had reached was not achieved 
again or surpassed until the nineteenth century. 
There were numerous Latin authors during the 
period of the Empire. Some wrote of parasites. But 
those who did added little that was new. They dis- 
covered no new forms in man and merely reiterated 
the older beliefs that the worms originated from 
membranes and “humours.” 

In the Far East the Chinese people left an inter- 
esting literature concerning their aquaintance with 
parasites. The earliest translation is dated about 90 
B. Cc. Most frequently, nine worms are listed as in- 
testinal forms in man, but some of these are fan- 
tastic varieties, more figments of an imaginative 
mind than likely living varieties. “Of the 
Wei ch’ung 


nine 
worms, only Huei ch’ung (‘Ascaris’) 
(‘stomach worm’) and 7’s'un pai chung (‘tape- 
worm’) do not change their form while the re- 
maining six worms frequently transform under the 
influence of evil effluvia and cause phthisis which 
the Cheung chu 
(‘worm-spreading disease’) may infect the nearest 
relatives of the patient.” The 
worms’ are illustrated in the shape of turtles, crabs, 


when generalized in form of 


“six remaining 


mantids, and frogs. 

Any Chinese manuscript dealing with intestinal 
worms devoted considerable space to theories of 
origin. One of the commonest theories was de- 
scribed by Chang Chi in a. p. 217. 


Foodstuffs which are not easily digested such as raw 
minced fish, preserved meat, insufficiently cooked pastry, 
hard-boiled rice, etc. are liable to become stagnant in the 
stomach. When influenced by moisture and heat, they be- 
come sticky and coagulate. When coated with the warm 
blood and nourished by the vital elements of the host, 
they all metamorphose into living creatures with heads and 
tails in the shape of worms. From foodstuffs they have 
foodstuffs they are feed for 


originated and on now to 


their nutrition. 
Because of the relatively recent discovery that 
raw fish and uncooked meats were sources of hel- 


349 





minth infection, these early quotations read like _ he was the first to recommend animal gut 
predictions. The reference was probably pure ing abdominal wounds. His only contrit 
chance, but it was repeated by several authors. It | parasitology was the description of a femal 
may have been that the correlation between the — suffering with more than forty Guinea w 
development of the helminthiasis and the patients’ recognizing the cause of the sinuous sw 
gastronomic habits was obvious even to these early her body he was ahead of the pathologi: 
physicians. ings of his day. Generally the condition wa 

The theory that parasites were inborn, which _ be due to an irritated nerve. 
was prevalent in Europe (originally in Hippocrates’ The Persian physician who most. it 
writings), was rarely found in Chinese literature. Western thought was Avicenna (A. p. 98 
As early as the twelfth century, however, the fol- His Canon of Medicine took its place with 
lowing brilliant guess was made: “Some people be- manuscripts in medical literature. Because of 
come parasitized by worms through eating fruits Koran’s stict veto on human dissection, Avice 
and vegetables or animals’ viscera, which contain was able to contribute little more than had Gal 
their progeny.” The truth of this statement had to in human anatomy, but his speculations in physiol 
wait another four centuries for positive proof. Sev- ogy surpassed those of all his predecessors 
eral decidedly different vermifuges were recom- Four kinds of helminths were described 
mended by the Chinese physician: asafetida, betel Arabian scholar: the long worms in the 
nuts, quicksilver, chloride of mercury, and ver-  testines; the “pumpkin seeds” which he knew wer 
milion. Treating intestinal helminths would appear acquired by eating raw beef; small worms whic! 
to have been an effective method of very speedily migrated from the anus and caused intense itching 
joining one’s ancestors. and a fourth kind, the roundworms, which we: 

In the Near East, during the years of scientific malignant in the damage they caused and th 
decadence in Europe, several prolific writers of severe symptoms they produced. Although Avi 
medical fact and philosophy appeared. The earliest |©cenna recommended no anthelminthics that 
of these was Rhazes (A. pv. 850-932), who wrote not known to the Greeks, he was the first to corre- 
nearly 250 treatises. His fame rested on being able late the worms to the symptoms produced 
to distinguish between smallpox and measles, and _ distinguish between a drug that killed the 
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Some illustrations of the hypothetical parasitic worms believed in by early Chinese medical men 
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cative. Despite the fact that Rhazes had 

ited the true character of Guinea-worm 
‘nfecti Avicenna continued to uphold the idea 
‘hat the worm was only a ruptured nerve. 
lhe Renaissance which followed this lengthy 
inactivity in biology did not arouse Euro- 
pean naturalists to spend much time on parasites. 
Possibly they felt at home with their “guests” and 
resigned to their presence as to hunger and 


ort 
period 


were as 
the plague, the Inquisition, and no plumbing. In- 
testinal worms were still considered to be natural 
products of the body; they were merely more curi- 
us than the other products. A few physicians, scat- 
tered in a dozen countries, maintained sufficient 
nterest to record the unusual about these animals. 
By the fourteenth century the cucumber seeds of 
the Greeks had been identified as sloughed-off parts 
{ the intact worm. By the sixteenth century the 
silent tapeworm had given rise to a new argument. 
[he segmented nature of the creature had become 
apparent. The possession of individual pores and 
n internal structure had been noted. Could the 
thirty feet of animal be one worm? Or was it many 
small ones strung together like beads? Because 
some authors could see the longitudinal connecting 
strands of the excretory and nervous systems, they 
took the side of unity. The hunt was on for a head 
and tail. Most authors never recovered a complete 
worm. In fact, most authors did not know which 
end was which. For some time the narrow neck end 
{} the worm was considered hindmost, and on the 
surface of the last proglottid several naturalists de- 
scribed and drew eyes, two nostrils, and a mouth. 
Eventually Michael Fehr (1644) recovered a com- 
plete Taenia and into the literature came the first 
orrect description and drawing of a tapeworm 
lhe argument finally rested. 

By 1600 Spigelius and Tyson had distinguished 


scolex 


between the gourdworm and the so-called Taenia. 
From illustrations these two scientists made it is 


apparent that the gourdworm was a 7 aenia, very 


likely 7. saginata, and the ““Taenia” really Bothrio- 
ephalus. 


Excellent drawings also existed, thanks 


to several authors, of Ascaris and Enterobius: de- 
tails of their anatomy had to await the invention 


f the microscope. 


Several authors prior to and after 1600, had 


of parasites from game birds and animals 
ndicated their similarity to forms in man. The 
nding contributor in this field was Francesco 
626-97), a colorful personality who is given 
lit for fathering the science of parasitology. 
ly in his career, Redi, with his friend Cestoni, 
very practical contribution to the welfare 
uman race. He discovered the cause of itch. 


That the guilty mite existed as male and female 


was demonstrated, the methods of transmission 


were clarified, and the curative (?) powers of mer- 
curic compounds made known. As with so many 
important discoveries, it lay in a library for the 
next one hundred and fifty years while Homo 
sapiens scratched his way about the world. 

Redi’s admission to the biological Hall of Fame. 
however, is for another experiment, the results of 
which had more far-reaching effects on the think- 
ing of the scientists who followed him. His discon- 
tent with the widely accepted theory of spontane- 
ous generation led him to conduct experiments 


with insects which established parenthood and 
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Medal of Francesco Redi and his signature 





clearly refuted the theory for these animals. It may 


have been his success with these experiments that 
induced him to consider parasitic worms, also gen- 
erally considered to derive existence without paren- 
tal means. Any of his doubts about their origin 
must have been dispelled when he discovered repro- 
ductive organs and eggs in Ascaris. 

The enthusiasm that marked his earlier efforts 
continued in later life, but he became a collector 
instead of an experimentalist. His industry in ob- 
taining parasites was tremendous—not even a dead 
animal in the zoo escaped him. He discovered and 
described a total of 108 species—specimens from 
every phylum and major group into which parasites 
are divided today. It is for this effort that he is 
called the father of parasitology. 

Despite Redi’s contribution of sexing parasitic 
worms, the controversy over their origin continued 
until the latter part of the eighteenth century. Fact 
overcame fiction very slowly. As late as 1788 lead- 
ers in the field were still upholding the decaying 
theory of spontaneous generation. 

The discovery and development of the micro- 
scope early in the seventeenth century provided 
fresh incentive to parasitologists in the investigation 
of their wormy subjects. One of the earliest micros- 
copists, Marcello Malpighi (1628-94), turned his 
lens on intestinal helminths and left us a drawing 
of a Taenia head which exhibits human features. 
Among Leeuwenhoek’s (1632—1723) varied manu- 
scripts can be found some describing his introduc- 
tion to helminthology. 

A certain physician lately shew’d me some small Parts, 

. which he thought were worms. . . . I inspected them 
with a Microscope and judged them to be Parts of 
worms . . . and when I separated those parts which were 
broad, there came out of the broken Parts, a great and 
almost incredible Quantity of small Clots. These Clots 
were a little larger than those which render our Blood 
red, and they were as equal in their Proportion as Shot. 

This inspection of what were obviously eggs of a 
tapeworm whetted his curiosity. Several interesting 
letters exist telling of his discovery and examination 
of worms from fish. 

Progress in parasitology with the aid of the 
microscope was rapid. But the discovery of life 
cycles and the diversity of the intermediate hosts, 
of immunity and epidemiology, is a modern legend 
and not part of this early history. As this story 
started with a book, so it ends with one. In 1721 
a littlke volume appeared, entitled A History of 
Worms. It was written by a Dr. Le Clerc, trans- 
lated from the Latin into English, and published 
in London. It may well be that this manuscript is 
the first—and only 
published. It was written at the end of a particular 


such history of worms to be 


352 











A 
Natural and Medicina! 


HISTORY 
WORMS 


Bred in the Bodies of MEN and other 
ANIMALS; 


Taken from the Authorities, and Obfervations 
of all AUTHORS who have Treated there- 
of, from HIP POCRAT ES to this Time: 


TOGETHER 


With an Enquiry into the Original of WORMS, and 
the Remepies which deftroy them, with a particular 
Formula of Medicines adapted tothe Ustof FAMI.- 
LIES, and Illuftrated with feveral Copper Cu rs, 








Done from the Latin of D, LeCierc, M.D. 
By the Compiler of the General HISTORY of 


Drucs, from Pomet, Lemery, Tournefort, &c. 





LONDON: 
Printed for J. W1Lcox, at the Green-Dragon, in 
LittTLe-Britain. M.DCC.XXI. 




















lern ag 


era in scientific thought and before our moc 
began. In the dedication to His Grace, The Duk 
of Montague, Le Clerc summarized his treatise 


The subject is medical and natural History, which « 
Right claims your Grace’s Patronage, and Protection. In 
the following sheets, my Lord, you will meet a Library o! 
Learning abstracted from the Ancient as well as Moder: 
Greek, Latin and Arabian writers; Besides which the 
Compiler of History hath trac’d the Spanish, French 
English and Italian Authors, among whom your Gra 
will take pleasure in the laudable Discoveries of th 
curate Vallisnerius and Redi, the indefatigable pains 0! 
our own Tyson, the minute microscopical observations 0! 
Lewenhoeck, Harsoker, Morgagni etc, the industrious 1- 
quiries of Schel-hammer, Schenkius, Malphigius, all wh 
together, with many more Eminent learn’d Physicians an¢ 
Naturalists have contributed to this useful as well as 
curious Work; wherein the most exquisite and Ingenious 
Vallisnerius makes the Origine of Worms, Coequal wit! 
that of Adam, and says, that the Eggs of all those Worms 
or Insects that breed in the Body of Man, were at fr! 
created in the Body of Adam; nor were they excluded 
before his Transgression. 
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Physiological Viewpoint 


N. W. SHOCK 


This article and the three that follow are based on a symposium held by the 
Industrial Research Institute in October 1950. Dr. Shock (Ph.D., Chicago, 
1930), chief of the Gerontology Section, National Heart Institute, of the 
National Institutes of Health, since 1941, is also physiologist for the Baltimore 
City Hospitals. His A Classified Bibliography of Gerontology and Geriatrics 
and Trends in Gerontology have recently come from Stanford University Press. 


GING is a problem common to all of us. It 

is a process that begins with conception 

and continues throughout life. In the past 

most people have regarded aging as something 
like the weather—something to be talked about 
but about which nothing much could be done. 
[here have also been a great many recommenda- 
tions about appropriate formulas for increasing 
longevity. As early as 1780, Luigi Cornaro’ pub- 
lished a book on how to live to be 100. Since that 
time many others have added prescriptions—or 
restrictions—that they believe will lengthen life. 
Some have recommended eating nothing but raw 
meat or raw vegetables. Others have suggested goat 
milk, yogurt, etc. At the present time there are those 
who believe that after the age of 40 one should 
avoid milk and eggs in the diet. Similarly, the ill- 
flects of many pleasures, including smoking and 
drinking, have been held up as factors limiting 
longevity. However, none of these recommenda- 
tions has been subjected to rigorous scientific tests. 
The problem for discussion—‘‘What is physio- 

logical aging, and how does it influence research 
productivity ?”—poses a double-barreled difficulty. 
In the first place, we need to consider the question 
f physiological characteristics influence 
mental performance in general and, second, how 
these may change with increasing age. Although 
we are convinced that the brain is an essential part 
of the body and that creative activities are de- 
pendent upon a well-functioning brain, the precise 
manner in which physiological conditions within 
the brain influence behavior and productivity has 
not been worked out in any detail. We may, how- 


how 


ever, depend on the validity of the common-sense 


assumption that intellectual productivity is in some 
way dependent upon bodily vigor. How, then, does 
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bodily vigor change with age, and what are the 
conditions that maintain it? 

What, then, is aging? Since all animals, includ- 
ing unicellular ones, age and die, we make the 
general assumption that the aging process is funda- 
mentally one of cellular biology. However, very 
little is known about the characteristics of aging 
cells.? In fact, most of the studies of cellular activi- 
ties in old animals fail to show anything strikingly 
different from similar functions observed in young 
ones. With the development of new techniques and 
greater knowledge of enzymes and the chemical 
processes going on within cells, we may look to 
substantial advances in this area in the future. On 
the other hand, when we examine aggregations of 
cells that are put together into tissues and organs 
for specific functional purposes, we do find definite 
differences between old and young tissues. The 
most striking difference is that in the old tissues 
there is an accumulation of extracellular materials 
filling up the spaces where functioning cells have 
disappeared.* Studies of the functioning of separate 
organ systems have shown that the organs of older 
animals in general tend to perform less well than 
those of young animals. It should be pointed out 
that the primary difference observed is often a re- 
duction in reserve capacity in the old animals; that 
is, they are able to meet the day-to-day needs in an 
adequate fashion but, when called upon to perform 
under conditions of stress or extra load, they are 
unable to meet the demands as well as young 
animals. 

This is not the place to indulge in a detailed re- 
view of research on the physiological aspects of 
aging. Review of this work, as well as our own stud- 
ies, leads us to three general conclusions that I 





believe are of importance: Aging is a gradual, con- 
tinuous process, the rates of aging of different 
organ systems may vary widely within the same 
individual, and there are marked individual dif- 
ferences in the rate of aging in humans. 

Aging is a gradual, continuous process insofar 
as we now know it. Unfortunately this conclusion 
must be based on measurements made on different 
people at different ages. These observations all 
show a gradual loss of efficiency or performance, 
oftentimes beginning at relatively early ages and 
continuing to the highest age levels.* For example, 
the maximum elasticity of blood vessels is reached 
at the age of 14 or 15 years and diminishes gradu- 
ally thereafter.’ Although the rates of change with 
age differ markedly for different functions, the 
average changes are all gradual. In some functions 
there is a long plateau throughout middle life 
when little change appears, but in no instance is 
there a precipitous drop beyond a certain age. 
These observations do not exclude the possibility 
that within an individual age changes may occur 
rapidly. This question can be answered only when 
we have observations made serially on the same 
individual as he grows older. Opportunities for 
this kind of research require the cooperation of 
active middle-aged people who will serve as ex- 
perimental subjects over their life span. 

The different organ systems in the same person 
do not all age at the same rate. In our studies in 
Baltimore, evaluations of the functional capacity 
of different organ systems have been carried out in 
older people.* We have not been able to demon- 
strate any close relationship between rates of aging 
in the kidney, the heart, and blood vessels, metab- 
olism, nerves and muscles, perceptual capacities, 
and mental performance. Our most extreme devi- 
ate is a man who claims to be 91 years old. He has 
a kidney function equal to the average 60-year- 
old man, a nerve conduction time of the average 
30-year-old man, perceptual capacity of the aver- 
age 80-year-old man, but the metabolism of the 
average 90-year-old group. This person represents 
an extreme complexity of the aging process, but 
most individuals show some discrepancies. 

There are wide individual differences in the rate 
of aging in different people. All our studies have 
shown that with increasing age individuals become 
less similar. For instance, the range in values for 
kidney blood flow in 30-year-old adults is roughly 
900—1,200 ml per minute, whereas in the 80-to-89- 
year-old group, the range is approximately 200 
800 ml per minute. We have also observed some 
men in their eighties whose effective renal blood 
flow is as great as the average of the 40-year-old 
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group. Similar individual differences 
shown in tests of mental performance 
of physiological factors. 

What are the implications from thes: 
First of all, it is clear that there can be ; 
to the general question “When is a man 
this question is to have any significance. must 
always say, “Old 


lings 


inSwery 


with respect to what 

ance?” Since many performances are hi 

cific, it may well be necessary to resort to an over. 
all evaluation, subjective though it may be. 
answer this question for a particular individyal 
This conclusion also has important implications 
for determining appropriate ages for retiremen; 
It is obvious that dependence upon strict chrono. 
logical age can have no real meaning.® All that ca; 
recommend chronological age is the adminstratiy 
convenience in its application. However, with i: 
creasing numbers of elderly people, and the need 
for maximum productivity to maintain our econ- 
omy, it is highly questionable whether we can 
afford the waste involved in discarding effectiv 
employees simply because they have obtained a 
given chronological age.” Our most important 
problem is to devise ways and means of maintain- 
ing the effectiveness of older people so they cai 


produc- 


be retained in their positions. Research 
tivity in itself has never been closely correlated 
with physiological states. We can, however, regard 
the maintenance of physiological vigor and healt! 
as an aid to full productivity and mental alertness 
This is primarily a problem of personal hygiene, 
with perhaps the added advantage of periodi 
health examinations to detect early stages of diseas 
and pathology that are more easily remedied the 
than later.* The most productive research worke 
are notorious in disregarding fundamentals of hy- 
giene. Long hours and work under pressure m: 

or may not result in the development of gast! 

ulcer, coronary artery disease, etc. Nevertheless 
certain broad principles of hygiene are undoubted! 
of value in maintaining health and vigor. Researc! 
workers should be given opportunity and encour 
aged to follow these principles as we now know 
them. 

A problem of identifying and describing ag 
changes in human beings is one that should r- 
ceive the attention of industrial research in t! 
future. From its early beginnings, where industrial 


ect 


research was concerned primarily with specif 


. lift 
practical problems, there has been a gradual shil 


to emphasis on fundamental research. Experience’ 
has shown that the building up of a backlog 
fundamental research is of great value to industry 


in developing new and better products. TI 
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or industrial research to turn its atten- 
producer as well as to the product. Many 
problems relating to the productivity of 
ers can be solved only within the frame- 
idustry. Important questions about the 

attitudes toward work with advancing 
ell as the effect of programs designed to 
le for retirement, should also be consid- 
should the physiological aspects of aging 
’ cted. With increasing stability of workers 
within plants and industries, serial examinations 
a the same individual as he ages should be made 
by industry itself or in collaboration with univer- 
sty scientists. The questions of middle age and later 
maturity can be answered only with the active 
assistance of industry where large groups of people 
are actively working and producing, just as our 
inowledge about growth and development of 
children resulted from cooperative studies with 
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schools and universities. As our population ages 
there will be greater need for this fundamental in- 
formation. It offers a real challenge to research. 
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HE deterioration of the over-all perform- 

ance capacity in the presence of normal 

aging is well established. There are de- 
creased motor speed, strength, and coordination, 
impairment of sensory and mental functions, and 
changes in personality. 

In a number of psychological functions the de- 
cline in fitness is already evident in the thirties, 
decomes marked in the fifties, and is striking in the 
seventies. 

_ One of the sensory functions investigated in oun 
4boratory was the efficiency of the light-registering 
us, measured by the flicker test. When we 
an interrupted light, we perceive it as a 
when the 


apparat 
Bane 

look at 
first as a coarse flicker, later 
‘apidity of the light flashes per second increases—as 


}; .] 
ticker 


a fine flicker, and, finally, as a fused light. The 
greater the frequency at the fusion level (FFF), 


the greater the sensitivity (efficiency 


of the retino- 


cortical system. The measurements were made on 


women 


(Table 1). The decrease in this function 


with age was observed by several other investiga- 


tors. Some sensory functions 


TABLE 1 


AGE 
18-26 
26-35 
36-45 
16-60 


color vision 


=> oO 
C2. 


show little or no deterioration with age. 





There have been a number of good investigations 
on changes in the capacity for motor, especially 
manual, performance. W. R. Miles! measured the 
speed of performance of the hand in a reaching- 
and-placing test. The test score in this simple 
manual task represented the time required for the 
completion of a short series of movements. In men 
there was very little change between 20 and 50, in 
women between 20 and 45, years of age. There was 
a progressive deterioration of performance in the 
higher age groups. Using the average time-score 
at 20-24 as 100 per cent, we obtain, for men: 


Age 30 40 50 55 60 
% 103 104 105 112 122 


70 75 80 
143 


125 167 

K. R. Smith*® studied an operation which was 
closer to an industrial task, namely, the assembly 
of nuts and bolts. ‘The men worked without inter- 
ruption for four hours at a stretch. The age decre- 
ment in the ability to perform a high-speed manual 
task was marked. If we designate the value of the 
performance—number of assembled nut and bolt 
units—for the age group of 30 years as 100 per cent, 
the mean value decreases to 93.6 per cent for the 
40-year group and to 86.4 per cent for the 50-year 
group. Statistically, the difference between the 
mean score at 30 and at 50 was highly significant. 
One important fact, however, should not be 
neglected. These are averages. There are some 
individuals at 50 who do considerably better than 
the average 30-year-old man. 

And there is another point, demonstrated ex- 
perimentally by W. R. Miles and C. C. Miles’ 
namely, that frequently experience, the continued 
exercise of a function, can act as a factor delaying 
the decline of manual skill. These investigators have 
administered a cube assembly test to a group of 
adults 20 to 90 years of age. As one would expect 
on the basis of other data, there was a gradual de- 
cline in manual dexterity, as measured by this test, 
up to the sixties, and there was a larger decrement 
from then on. As before, this was true of the group 
averages. However, and this is the point I want 
to bring out here, those older men who were en- 
gaged in jobs which involved rapid manipulation 
of parts retained the speed rate of young adults 
into late maturity. 

In the studies by De Silva* on age and safety of 
driving, it was demonstrated that some of the 
physiologically relevant components of driving fit- 
ness—such as glare vision, steering (eye—hand coor- 
dination) , and braking reaction—show a steady de- 
terioration with age, starting in the thirties. Never- 
theless, the safety of driving increases up to 50 years 
of age; it declines rapidly in the next two decades. 


356 


The improvement in safety of driving, 

the deterioration in the bodily machinery 
that safe driving depends, importantly, 
factors, such as the generally prefer 
taking chances, and showing off. Here 
with personality characteristics rather | 
the physiological limits of performance. 

Researches on the effects of aging « 
abilities have firmly established that th: 
pattern of changes is similar to that of th 
and motor functions. 

The over-all pattern of changes with age js 
similar to the sensory and mental functions, |; 
should be noted, again, that not all intellective 
functions follow the same course of decline with 
age. These differential trends may be explained, in 
part at least, in terms of practice, of use and disus 
Abilities exercised during our adult years (such 
maintenance of the vocabulary, the capacity to 
understand and use different words), do not de- 
cline with adult age and may even increase. |p 
performing tasks that are remote from daily lif 
such as thinking in terms of geometrical symbok 
there is a definite and marked decrement with ag 

Foulds and Raven® studied normal changes ir 
the mental abilities with age in a group of Scotch 
industrial employees. ‘The group consisted large! 
of skilled workmen; 8 per cent of the sample con- 
sisted of administrative officers; there were few 
unskilled workmen and 5 per cent were young 
people in training. The ages were 15 to 69. Tw 
group tests were used: a vocabulary test, as a 
measure of the general fund of information; and 
a nonverbal test of a person’s capacity to mak 


ay 


comparisons, to reason by analogy, and to appl) 
logical methods of analysis. No time limits were 
imposed. The total sample included about 2,0) 
men. Using the 20-year-old group as the reference: 
point (their median = 50), the following median 
percentile values were obtained at succeeding a 
levels: 

Age 20 30 40 

Test 1 50 58 58 5 

Test 2 50 48 43 40 


cr 


The figures indicate that the average person’ 
ability to recall information increases to about » 
or 30 years and remains largely constant lor t 
next three decades. This was true for th 
as a whole, with some decline in the sixties. It 8 
of interest to note that, in people of above-averag 
intellectual capacity, the ability to recall inform 
tion apparently continues to increase, slowly, eve! 
up to the age of sixty. 

The other function studied by Foulds and Rave! 
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juite differently. The capacity to form 
ns and reason by analogy declines pro- 
with age, with the median performance 

rs of age comparable to the fortieth per- 
centile of the 20-year-old men. If the decline should 
proceed at a similar rate after the age of 60, it ap- 
nears that by the age of 80 the average person’s 
capac ity to grasp ideas and reason by analogy would 
be not greater than that of an 8-year-old child. 

We are not really concerned here with the 80- 
year-olds. We are not concerned with the psy- 
chology of senility but with the psychology of later 
maturity, perhaps the ages between 30 and 60. 
[he investigations carried out by Foulds and Raven 
are in general agreement with the findings of other 
investigators. They indicate that from about the age 
' 30 years onward a person’s ability to under- 


hehaves 
ompal 
oresslVv¢ i 


at 10) y% 


stand new ideas, to adopt new methods of working, 
and even to adjust to new situations steadily de- 
creases. On the other hand, he is normally able to 
recall acquired information long after his capacity 
to adapt—intellectually and socially—to new sit- 
uations has begun to decline. 

Age and mental ability in intellectually superior 
men were studied by Sward.® His subjects were 
ninety members of two universities in California. 
lhe forty-five younger men were 25 to 35 years old 
mean 31); the minimal age for inclusion in the 
older group was 60 years (range 60-79, mean 66, 
median 65). The subjects were matched by pro- 


fessional groups; e.g., an older chemist was paired 
with a younger man in the physical sciences. ‘The 
test battery included eight subtests involving such 
sub- 


tasks as arithmetical reasoning, use of codes 
stitution of symbols for numbers, translation of a 
passage in English into a novel code language) , and 
indication of the meanings of words. 

The total mean score was 428 + 29 points in the 
younger and 373 + 46 points in the older group. 
The difference was in the same direction for all 
the subtests but one, the test of “Synonyms and 


’ 


Antonyms,” involving comparison of two words at 


atime, in which the older men excelled the younger 


test, but the difference was not statistically sig- 
nificant. The greatest difference was obtained in 
the tests involving the use of codes (‘Artificial 
Language” and “Symbol—Digit Substitution”). 
These were tests with rigorous time limits and 
lequired formation of a new work method. On both 
‘cores the older men were definitely handicapped. 
the retardation, the slowing down of the mental 

‘s, Was apparent also on those tests that had 

ribed time limit. For the “Ingenuity Prob- 

1 test of capacity for problem-solving, the 


younger men took on the average 56 minutes, the 
older men 77 minutes. The total test time was 3 
hours and 3 minutes, and 3 hours and 53 minutes. 

The means indicate average trends. It should be 
noted that in this study, as in all others without 
exception, the individual differences within each 
group are far more impressive than the differences 
between the two age groups. The impairment of 
the higher mental processes is by no means an in- 
variable concomitant of chronological aging. In 
Sward’s study there were bright and alert “senes- 
cent” subjects, subjects beyond 60, who showed 
few or no unambiguous signs of any decided psy- 
chological decline. 

When we come to matters of personality and 
aging, our data become much less plentiful than in 
reference to the sensory, motor, and intellective 
characteristics. In part, in large part, this is due to 
the fact that our techniques of measurement are 
recent and not fully satisfactory. In talking on 
aging and personality, especially the personality of 
the research worker, we are largely speculating. 
But perhaps such a speculation will not be fruitless 
if some of the problems emerge in a sharper outline. 

What is it that constitutes the “drive” in a re- 
search worker? Why do two people of the same in- 
tellectual horsepower and the same technical re- 
search possibility differ widely in their research 
output? How does the character of the “drive” 
change throughout the years? We know little of 
the effects of the perceived changes in one’s physi- 


streneth—on one’s 


ind 
the concept of 


How 


ology—decreased speed 


personality. How does oneself 


change during the years? does one’s time 
perspective change? 

The external incentives to work reach their peak 
not beyond the age of 50—incentives as measured 
in terms of financial reward, guaranteed job, etc. 
But frequently we find these people working harde1 
than ever. Is it perhaps a compensatory phenome- 
non, a reaction to the fear of possible decline in 
performance capacity? 

Let us consider, at this point, not the psycho- 
logical characteristics of the research worker but 
the accomplishment. I need not stress that an 
evaluation of the creativity and productivity of a 
research worker is a difficult task. This is true not 
only of the man who works in industry and is 
engaged in developmental research, but also of the 
academic man who deposits the results of his labors 
in journal articles and in books. 

In scientific work, one of the criteria of extraor- 
dinary achievement is the starring in the volume 
entitled American Men of Science. S. S. Visher? 


studied the age at which the representatives of 
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various sciences were starred (i.e., the first time). 
In 1943, the median age of those starred for the 
first time varied from 36 in astronomy and 37 in 
mathematics to 50 in physiology and 52 in pathol- 
ogy. The average ior the eleven disciplines tabu- 
lated was 44 years. 

Much attention was devoted to the question of 
age and creativity by Harvey C. Lehman. One 
point that he investigated was the chronological age 
at which prominent scientists and creative workers 
produced their masterwork.* ‘Two points may be 
determined from a glance at his graphs: In no 
field is the creative capacity limited to a narrow 
age range. In most fields it extends from 25 to 75; 
only rarely it goes below 20 years (e.g., in mathe- 
matics). Second, the modal year of top achieve- 
ment falls, without exception, between 30 and 35 
years. Of course the distributions are skewed to- 
ward the higher age levels and the means are 
higher than the modal values. 

A somewhat similar attempt to evaluate the age at 
which scientists do their best work was made by C. 
W. Adams.” His list contained more than 4,000 sci- 
entists whose ages at the time of their chief work 
could be reasonably accurately deterinined. The 
median value is 43 years; 9 per cent of the sample 
were below 30 years. It is of some interest to look at 
the several centuries covered by the author. The 
data are surprising: ‘The median age at which the 
best work was done was 42 years for the men of the 
seventeenth century, 42 years for the men in the 
eighteenth century, 42 in the nineteenth century, 
and 44 in the twentieth century; the latter value is 
based on a sample of men who died in the period 
1933-44. The stability of the median figures is 
truly surprising. But let us be clear about it: The 
values indicate that in 50 per cent of the cases the 
best work is accomplished in the forties and later. 

How about the prime of men working in different 
fields? Table 2 gives the median figures. 


TABLE 2 


FieLp Fieip 
Astronomy 
Surgery 
Psychology 
Geology 
Botany 
Zoology 
Anthropology 


Mathematics 

Bacteriology 

Chemistry 

Physiology +O 
Physics 10 
Engineering 13 
Pathology +4 








In conclusion, then, psychological capacities in- 
crease during childhood, remain a plateau for a 
varying length of time during the adult life, and 
then begin to decline. I wish to emphasize strongly 
that there is a wide range of variation in the 
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sensory, motor, intellectual, and personal 
teristics within every age group. In diff 
viduals the aging process proceeds at 
rates. In a less dry fashion this though 
pressed by F. D. Drewitt (cited by C. W. 
Hie said: ““Humans vary, as apples do, s 
in July, others in October.” 

Our information on the changes wi 
pretty good as far as sensory capacitii 
functions, and abstract intelligence are c 
Our understanding of personality dynami 
factors that move and drive, is very ina 
Successful research does not depend on 
dexterity, nor does it require—in a large percenta 
of research jobs—a remarkably insightful a 
original mind. It depends, to a large extent, on go, 
judgment exercised with reference to selection 
the problem and of the attack, and on experien 
in the execution of the details, in the organizat 
taking 
notes, keeping abreast of literature in the field 
vulnerable to age a 


of the research operations. ‘The work habits 


specialization—are not as 
visual acuity or physical endurance. 

I have brought up the importance of the chang. 
ing time perspective of the aging individual. Som- 
one has said that “Research is one function 
business which, far more than any other, deals wit 


unconsciously—ma 


the future.” An older man 
be tempted to reject long-range projects of which 
he personally is not likely to see the outcome, th 
completion of which is beyond his lifetime schedu! 
The bright, unorthodox, new ideas are likely t 
come from the younger man. But perhaps 
should not forget the line of the French poet Alf: 
de Vigny, emphasizing that the fruition of an id 
frequently takes a lifetime. In De Vigny’s words 
“Genius is a thought of youth realized dur 


maturity” (Le génie est une pensée de jeu 


réalisée dans ladge mir 


One final point. The character of research 
changing, with more emphasis on teamwork 
Heilbron (cited by D. H. Killefer,’® in The Ger 
of Industrial Research) stated aptly: “Gone are! 
days of Priestley and Faraday, who with littl 
no assistance could carry out highly  significat! 
experiments. Almost all of our major chemi: 
problems now require the coordinated efforts 
research teams, in which each individual forges 
important link.” This increases the potential 
fulness of the older research worker. Because 0! ! 


experience in research administration, plannin 


and evaluation he may be increasingly useful ¢\ 
after his capacities for original and creative ¢ 
deavor have begun to decline. 
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Sociological Viewpoint 


Dr. Clague, Commissioner of Labor Statistics, l 
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EWAN CLAGUE 


'. §. Department of Labor, since 


1946, was formerly with the Social Security Board. He took his Ph.D. at the 


University of Wisconsin in 1929, where he was an 


1926. He has since 


URS is an aging population. The advances 
of medical science have enabled a growing 
proportion of the population to survive to 
old age (Table 1). 
TABLE 1* 


15-64 YEARS 65 YEARS AND OvEeR 


104 million (about), 
or 1 in7 3. million, or 1 in 25 
31 million, or 1 in 5 114 million, or 1 in 13 


13. million 22 million 


Older 
Labor, 


* Source: Fact Book on the Employment Problems of 
Washington D. C.: U. S. 


Statistics (1950). 


Vorkers Department of 


of Labor 


lhe length of the working life has also increased. 
In 1890, about one fourth of the working popula- 
vas 45 years or older. Today this age group 
constitutes over a third of the labor force. For the 
average man, however, working life has shortened 
as life 
of men 65 years and over in the labor force is much 
smaller now (1950) than in 1900 
contrast to 63 per cent. 


expectancy has lengthened. The proportion 
45 per cent in 


Pension programs make it possible for some men 
to retire who would otherwise be forced to work. 
Very many more are forced out of the labor market 
by the rigid requirements of modern industry, with 
its emphasis on speed and dexterity, and its dilution 
of skills. 

Census figures suggest, moreover, that white- 
collar and professional and semiprofessional workers 
are as much subject to the age requirements of 
modern industry as any other group of employees. 
Smaller proportions of these groups than of the 
employed population are between 45 and 65 years 


worked 
Yale’s Institute of Human Relations, 


1921 to 
Metropolitan Life Insurance Company, 
and Pennsylvania School of Social Work 


instructor from 


with the 


of age and over 65, as shown by figures for April 1, 
1948 (Table 2 


course, and 


These are broad categories, of 


cover many different occupational 


groups and skill levels. Detailed information about 


TABLE 2 


PERCENTAGE OF EMPLOYED 
Persons WHo Wert? 


OccUPATIONAL GROUP 


65 Years 


15-64 Years and Over 


All occupations 

Professional and semiprofessional 
Clerical, sales, and kindred 
workers 

Clerical, sales, and kindred 
workers 

Operatives and kindred workers 

Service workers 


the aging problem in the host of occupations in our 
economy is yet to be gathered. 

The Bureau of Labor Statistics has just com- 
pleted a study of the employment, education, and 
earnings of leading scientists included in the 1949 
edition of the directory American Men of Sctence 
This study is the first comprehensive analysis that 
has been made of the characteristics of our leading 
scientists. About two thirds of the 41,737 scientists 
Table 3). At the 


over 40 per cent 


in the survey held Ph.D. degrees 
mid-1948 
of them were educators. Over three fourths had 


time of the survey 


been or were engaged in research. Information on 


* Employment, Education and Earnings of American 


Men of Science. Washingon, D. C.: U. S. Department of 
Labor, Bureau of Labor Statistics (in press). 
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TABLE 3 


PERCENTAGE OF AMERICAN MEN oF ScIENCE IN Eacu AGE Group By GENERAL FIELD oF 


SPECIALIZATION AND HIGHEST DEGREE EARNED 


TOTAL Ace BRACKET 
HIGHEST DEGREE EARNED BY oo 
GENERAL SPECIALTY AGE ; 

- Under 

Number Per cent oo C* 
100.0 6.3 
100.0 11.6 
100.0 7.0 
100.0 1.9 
100.0 5.9 


14 45-49 50-54 55-59 60-64 | 


oe 


All fields 
Bachelor’s or no degree 
Master’s degree 
M.D. *y 
Ph.D. " 
Other degree and no report 
Chemistry 10,547 100.0 10.5 
Bachelor’s or no degree 1,044 100.0 16.3 
Master’s degree 1,098 100.0 
M.D. 45 133 100.0 
Ph.D. - 8,265 100.0 
Other degree and no report 7 


m CO 


. 


1 of 
COO ~I OO 
“SIR DRO = OO 
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Oot met (OD pm 
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nh 
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Engineering 1,861 100.0 
Bachelor’s or no degree 1,618 100.0 
Master’s degree 1,599 100.0 
M.D. eg 6 100.0 
Ph.D. ¥ 1,622 100.0 
Other degree and no report 16 

Physics and electronics 3,413 100.0 
Bachelor’s or no degree 361 100.0 
Master’s degree 617 100.0 
M.D. és i) 100.0 
Ph.D. - 2,420 100.0 
Other degree and no report 6 

Earth sciences 2,070 100.0 
Bachelor’s or no degree 9: 100.0 
Master’s degree 100.0 
M.D. 100.0 
Ph.D. me ‘ 100.0 


Other degree and no report 


DH & NO OO 
o_ 


ee 
~~ 


— “I OO 


ho 


Agriculture 2,40! 100.0 
Bachelor’s or no degree 26: 100.0 
Master’s degree 100.0 
M.D. ot 100.0 
Ph.D. zs : 100.0 
Other degree and no report ) 

Biology 9,76 100.0 
Bachelor’s or no degree 3 100.0 
Master’s degree : 100.0 
M.D. yi bf 100.0 
Ph.D. 4 36 100.0 


Other degree and no report 


Medicine 2.8: 100.0 
Bachelor’s or no degree ; 100.0 
Master’s degree . 100.0 
M.D. = 2.57% 100.0 
Ph.D. sas 9. 100.0 
Other degree and no report 

Fields related to medicine 100.0 

Bachelor’s or no degree 100.0 

Master’s degree 100.0 

M.D. = 5236 100.0 

Ph.D. ss 52: 100.0 

Other degree and no report 


Mathematics and statistics 100.0 


Bachelor’s or no degree 100.0 
Master’s degree 100.0 
M.D. ” 100.0 
Ph.D. . 100.0 
Other degree and no report 
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TABLE 3—Continued 


TOTAL 
REPORTING — 
AGE 


DEGREE EARNED BY 
NERAL SPECIALTY : a. - Under 
Number Per cent 30 
100.0 
100.0 
100.0 
100.0 
100.0 


_ 
wo | 


Psychol 
Bac he 
Maste! 
M.D 
Ph.D 


Other 


’s or no degree 
degree 

egree and no report 
100.0 


r’s or no degree 100.0 
s degree 100.0 
M.D. bes 100.0 
Ph.D ei 986 100.0 


Other degree and no report 


"mts 
»1O mC vO 


Other 
Bache le 


Maste! 


* Does not include 3538 scientists not reporting age. 


the older American Men of Science who are still 
active in their professions, therefore, can tell us 
something about a group of people regarding whom 
we have as yet extremely little information—the 
older research workers. 

American Men of Science tend to be older than 
allemployed men.t The proportion of these scien- 
tists who were 45-64 years was 38 per cent (mid- 
1948), as opposed to a figure of 30 per cent for 
the entire male labor force (April 1950). Similarly, 
6 per cent of these scientists had passed their 65th 
birthday, as compared to 5 per cent of the nation’s 
labor force. The American Men of Science also 
tended to be older than all other members of their 
respective professions taken together. 

Among American Men of Science, it was the 
younger men who were more likely to be employed 
in private industry. With the increase in age there 
was a slight increase in the proportion employed by 
educational institutions and a sharp decrease in 
employed in private industry. 
Whereas 33 per cent of the men under 45 years 
were working for business firms, only 14 per cent 
of those 65 or over were so employed (Table 4). 
From another point of view, 7 per cent of the 
scientists employed exclusively by educational in- 
stitutions had passed their sixty-fifth birthday, com- 
pared with 3 per cent of those in private industry. 
The relative youthfulness of the American Men of 
Science in private industry is undoubtedly due in 
part to the increasing utilization of Ph.D. scientists 
in this sphere of activity in recent years.t But the 
higher proportion of older men in education may 


the proportion 


six per cent of American Men of Science were women. 
ce two thirds of the scientists included in the sur- 
d Ph.D. degrees, all the figures for scientists are 
influenced by the characteristics of the Ph.D.s. The 
were generally a young group; about two thirds of 
ere under 45 years of age. 
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also indicate a greater acceptance of the older em- 
ployee on the campus than in business firms. 

It is interesting to observe the increase in the 
proportion of independent consultants among the 
older men. About one in ten of the group 65 years 
and over, as opposed to less than 1 in 50 of 
those under 65, was employed exclusively in such 
work. Among the engineers, one out of four inde- 
pendent consultants was 65 or older. Consultation 
work offers real advantages to older scientists. It 
enables them to adjust their workload to suit thei1 
own needs, at the same time permitting them to 
utilize their accumulated knowledge and experi- 
ence. The tendency toward an increase in self- 
employment among older workers is characteristic 
of the population as a whole. Both for scientists 
and for the entire labor force, however, the tend- 
ency toward self-employment is in some measure 
the result of curtailed opportunities for salaried 
employment at advanced ages. 

There are indications that the “aging” process 
begins at an older age among research scientists 
than among the population as a whole. Industrial 
workers over 45 often have difficulty finding new 
jobs. In the postwar period, men over 45 have 
formed the largest group of those who exhausted 
their unemployment benefits. During the depres- 
sion, men in their fifties often dropped out of the 
labor market after years of fruitless job-seeking. 

Among American Men of Science, there was 
practically no unemployment at any age level. 
Moreover, the highest median salaries were re- 
ceived by the scientists between 55 and 60 years of 
age (Table 5). Median earnings tended to increase 
with age up to 55-59 years. The middle salary in 
this age group was $6,670 a year, as compared to 
$5,850 for all scientists. Moreover, median earnings 
declined only slightly through 65-69 years. The 
scientists between 65 and 70, with a median salary 
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TABLE 4 


Type OF EMPLoyER, By AGE, OF AMERICAN MEN OF SCIENCE 


PRIVATE 
INpDU 


Age Group TOTAL EpucaTIon GOvEPNMENT 


13.1 
14.6 
10.4 


100.0 
100.0 
100.0 


SoZ 
40.0 
41.4 


Under 45 years 
45—64 years 
65 years and over 


of $6,350, still tended to earn more than the group 
between 40 and 45, who received a median salary 
of $6,250 a year. Scientists 70 years or older had 
a middle salary of $5,650 a year. 

The tendency for the older American Men of 
Science to earn more than the younger ones, and 
for the highest median salaries to be received by the 
scientists in their fifties, was true for those at every 
level of education (bachelor’s, master’s and doctor’s 


19.9 1.6 ‘f 3. 1! 
13.6 3. 2.5 5. 


CATION EDUCATION 
AND AND 
GOVERNMENT CONSULTAN 


: Ept 
CONSULT- 
ANT 


Founpba- 
STRY 


).4 
5 
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C 


degrees). In no case did median annu: 
decline appreciably among the scientist 
years of age. 

Among the Ph.D.s, who constitute two 
American Men of Science, the tendency for sal, 
to increase with age was true for every 
But the rate of increase and the age at which pe 
median salaries received varied | 
specialty to another. In two such widely disparat 


hirds oj 
specialt 


were trom one 


TABLE 5 


MEDIAN AND QUARTILE SALARIES AND INTERQUARTILE RANGE OF SALARIES 
BY LEVEL OF EDUCATION AND AGE (FROM American Men of Science) 


REGULAR ANNUAL SALARY OF SCIENTISTS ACCORDING TO AGE 





Leve. OF EDUCATION 


35-39 40-44 


4549 60—64 65-69 


All scientistst 
Upper quartile 
Median 
Lower quartile 
Interquartile 

range 


Ph.D. degree 
Upper quartile 
Median 
Lower quartile 
Interquartile 

range 

Master’s degree 
Upper quartile 
Median 
Lower quartile 
Interquartile 

range 


Bachelor’s or no 
degree 


$7,400 $8,020 
5,850 6,250 
4,660 4,920 


350 $6,420 
5,260 
4,290 


$7,600 
5,850 
4,610 


2,990 2,130 2,740 3,100 


7,210 
5,730 
4,600 


7,670 
6,000 
4,820 


6,440 
5,280 
4,310 


7,200 
5,720 
4,580 


4,580 
3,720 
2,130 2,850 


2,620 1,780 


7,730 
5,930 
4,630 


6,180 
5,120 
4,180 


4,930 
4,120 
3,270 


7,230 
5,610 
4,420 
2,000 3,100 


2,810 1,660 


$8,800 $8,900 
6,480 6,670 
5,060 5,160 


$8,700 
6,550 
5,090 


$8,480 
6,350 
5,010 


$8,500 
6,360 
4,960 
3.740 3,740 


3,540 3.610 3,470 


8,050 
6,290 
5,050 


7,720 
6,070 
4,980 


7,980 
6,170 
4,980 


8,050 
6,300 
4,990 


7,850 
6,070 
4,860 
3,060 3,000 2,740 


2,990 3,000 


7,850 
6,160 
4,690 


7,900 
5,920 
+710 


8,370 
6,350 
4,930 


8,100 
6,020 
1,650 


7,960 
5,940 
4,720 
3,240 3,450 3,160 


3,190 3,440 


10,0004 


9,260 
7,280 
5,890 


10,000+ 
7,780 
5,960 


5,100 
4,390 


6,490 
5,320 
4,430 


8,680 
6,450 
4,910 


3,770 


Upper quartile 

Median 

Lower quartile 

Interquartile 
range 


M.D. degree 
Upper quartile 
Median 7,430 
Lower quartile 5,210 
Interquartile - 

range 


6,490 
5,240 
3,370 aa 


2,060 2,720 


10,0004 
7,830 
5,860 


10,000+ 
8,390 
5,990 


9,060 
6,900 
5,250 
3,810 


6,620 
5,170 
3.800 
2,820 


10,000 


* The upper quartile, median, and lower quartile in every case is based or 
in each case who did not report age. 


10,0004 
7,910 
5,870 


10,000+ 


8,920 
6,190 


10,000+ 
8,090 
6,290 


10,000+ 


8,150 
6,100 


9,970 
7,430 
5,780 


1,190 


10,000+ 


8,310 
6,030 


7,160 
5,460 


10,000+ 


8,140 
5,360 


n the total number at each level of education, including 4 


+ Based on all scientists, including 15 scientists holding degrees other than those specified, and 63 who did not report level of educa 


362 


THE SCIENTIFIC MONTHL' 





ineering (the highest-paid specialty of 
fen of Science) and biology (the lowest- 
it was the group between 60 and 65 
ic highest salaries (‘Table 6). This was 
fields related to medicine, agriculture, It 
logy. In physics and electronics, how- 


dustry than in any other type of employment. Half 
the scientists 55—65 years of age who were em- 
ployed by business firms earned $10,000 a year on 
more. . 

that unlike industrial 
who begin to face the problem of aging 


appears, therefore, 


workers, 


ientists between 40 and 45 years of age in their forties, these scientists were able, on the 


whest salaries. This does not mean that average, to continue to increase their earnings 


ise more sharply with age in private in- through their fifties. Of course these figures are 


TABLE 6 


IAN SALARIES OF AMERICAN MEN OF SCIENCE WITH PH.D.s, By FIELD oF SPECIALIZATION AND AGE 


thirds of 
or salaries ANNUAL SALARY ACCORDING 

Panta li. Tova * ~ 
specialty Porat tilts = 70 
4 ; 4(0—44 65—69 and 
hich peal over 


from one 

6,030 

6,960 7,120 
5,960 6,440 
5,710 5,290 
5,660 4,56 eliz 5,230 
4,940 4,07 : 720 
5,830 t 5,210 
5,420 5 
5,060 


6,720 
7,460 
6,690 
5,720 
5,700 
5,080 
5,950 
5,490 


6,460 
ipag sy, 
6,510 
6,110 
5,970 
5,290 
7.000 
5,840 
5,460 


6,580 
8,210 
5,940 
6,220 
6,200 
5,550 
6,130 


6,860 
7,810 
5,880 
6,750 
6,520 
5,700 


6,500 
9,170 
5,880 
6,500 


6,110 
7,500 
5,820 
6,600 
6,790 5,810 
5,910 5,630 
+ + 
6.290 
5,890 


551 0 
onl JOO 


hemustry 


disparate 


arth sciences 


griculture 


{edicine 
ields related to medicine 
{athematics and statistics 


6,640 
5,500 


3,900 


3,770 4,460 


5,250 
+950 

5,320 4,020 

6,520 5,070 

$5,720 $4,580 


1,670 
5460 6, 
$5,280 = $ 


SVC I ology 


Vher 


All scientists 


* Includes those scientists who did not report age. 


0 $6,000 $6,070 $6,170 


5,210 
5,640 
6,950 


5,750 
7,750 t 


$6,070 $5,521 


5,670 
6,960 


5,820 
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$6,290 


+ Median salary not computed, since fewer than 20 scientists reported 


hysicists, unlike other scientists, begin to decline 
| productive capacity and earning power at a 
elatively young age. Rather, these salary figures 
elect, in great measure, the unprecedented de- 
iand for nuclear physicists and electronic scientists 
mn recent years, a demand which has tended to out- 
in the available supply and had pushed salaries 
1 these fields above previously existing levels. At 
he same time, it was the younger men, for the most 
bart, who were trained in nuclear physics and who 
hus obtained an advantage over their older col- 
agues 

Not only were highest median salaries received 
t the older age levels by government employees 
nd educators, who are frequently sheltered from 
ompetition by tenure rights, but also by scientists 
mployed in private industry. In fact, salaries 


ding a ie 


educat 


NTHLY 


averages of salaries in a given year and by no 


means indicate that individual salaries always in- 
crease with age to the late fifties. Nor do higher 
salaries necessarily indicate higher productive ca- 
pacities. The tendency in educational institutions 
and government agencies to credit employees for 
their length of experience on the job may very well 
result in an individual’s receiving his highest salary 
after he has passed his prime. The data on the 
Men of 


however, that by and large it is not before the 


earnings of American Science suggest, 
sixties that professional ability and productive ca- 
pacity begin to decline among highly trained scien- 
tists. For such people the maturity of judgment 
and the broad frame of reference that experience 
gives apparently outweigh the increasing inflexi- 
bility of advancing years. 





Viewpoint of the Research 


Administrator 


The author is well qualified to discuss the problems of age in industr 
personnel. A vice president of Arthur D. Little, Inc., he has been . 
industrial research since 1920, and for a good portion of that time has } 


RAYMOND STEVENS 


TéSear n 
Laged 


een 


concerned with research administration. In 1940 he directed a national sy)» 
of research in industry for the National Research Council and the Nationg| 


RECENT magazine article asserted that the 
day of the older man is here. It noted the 
current worship of the romantic older man 

by both bobby-soxers and their elder sisters, citing 
the obvious attraction Ezio Pinza exerted in South 
Pacific as but one example among many in the 
entertainment and fiction fields. Perhaps, said the 
writer wistfully, we are coming to appreciate the 
worth of the man with the graying temples, the 
man of maturity, perhaps we shall even admit that 
a grandfather can be glamorous. Frivolous as this 
passing reference may be, there is no doubt that 
older men will be “younger” as the years go by 
and the science of geriatrics develops means to 
make them so. Americans live longer today than 
their great-grandfathers; they are likely to remain 
vigorous, healthy, and active for a far longer period 
in their lives; and it will soon be imperative either 
to set an arbitrary retirement age to remove them 
from top echelons in industry and society or de- 
velop a whole new era and body of workers and 
enjoyers—all over 60. 

My concern, however, is with the particular 
value of the older man and the younger man in 
industrial research, with their integration into an 
industrial research organization in such a manner 
that the organization can utilize to the full the 
peculiar talents and characteristics of each. We are 
leaving out of consideration entirely those men who 
with astounding energy apply their whole efforts 
to invention from the age of 8 to 80. They are, we 
must admit, the outstanding exceptions to general 
rules we may lay down or conclusions we may draw 
—as genius is in any other sphere in which men 
work and create. 

Can we discover pertinent facts about the rela- 
tion of age to creativity—and to the management 
of an industrial research laboratory this is a con- 
sideration of primary importance—from past and 
current research on the subject? Can we apply the 
results of that research to a particular organization? 
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Can we draw conclusions that will remain valid 
when applied to general industrial research acti 
ity? I believe we can, although the whole subject 
still under study and a matter for individual inte; 
pretation in practical application. 

In Sir William Osler’s farewell address at Johng 
Hopkins he stated very bluntly that he had 


two fixed ideas well known to my friends, harnies 
obsessions with which I sometimes bore them, but whict 
have a direct bearing on this important problem. The fr 
is the comparative uselessness of men over forty years 0 
age. This may seem shocking, and yet, read aright, the 
world’s history bears out the statement. Take the sum of 
human achievement in action, in science, in art, in litera 
ture,—subtract the work of the men above forty, and 
while we should miss great treasures, even priceless treas- 
ures, we would practically be where we are today. . 
Osler was a man of science and a creative worker. 
He judged his fellow-men by his own exacting and 
narrow standards of creative productivity. Un- 
fortunately, on that occasion, Osler went on to 
state his theory that all men over 60 might be better 
chloroformed, the public press took up his remarks 
out of context, and the whole pack of public 
opinion was in full cry against him. In_ projecting 
an “oslerization” of the world around him, hovw- 
ever, Sir William was speaking specifically of crea 
tive workers. Most of us know what a creative 
worker is and that he is usually to be found in the 
fields of literature, painting, sculpture, philosophy, 
and now science—for no one will deny to the s¢: 
entific worker the right to be considered creati\ 
when he makes signal advances in the theory 0! 
practice of his art. We can, then, take it for granted 
that as a creative worker the researcher in scien’ 
will fall under many of the general rules for th? 
type. He presents, however, a problem peculiar t 
the management of a research organization or ' 
the executive of the research department of a com 
pany. In selecting and directing personnel, not th" 
least of research management’s problems is that 
supplying the organization with a constant streal 
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inventive, creative scientists. He will 
ist “catch them young.” Much of the 
in science, many of the most inspiring 
advances, were a triumph of youth, 
ie take Laplace at 20 publishing re- 
the calculus and the theory of prob- 
scal completing his conic sections and 
ver brilliant work in his teens, Perkin founding 

coal-tar industry at 18, or Newlands demon- 
rating the law of octaves before he was 30. It will 
ccur to the research director that the relation o: 
ve to creative productivity is one he must consider 


{ dynal 


, view not only of these shining examples, but of 
ve general data recently made available on the 
bu ‘stion. 

Various studies have been made of the relation 
tween age and creativity, and in recent years 
C. Lehman has published a series of articles on 
records of inventors, composers, artists, poets, 
nd other creative workers in relation to their ages. 
). Lehman has found the pattern the same for 
very profession: a general peak of creative activity 
nds to occur at an age between 30 and 40—it 
aries slightly from profession to profession—and 
ery often between 30 and 35. The frequency of 
yeative activity as related to quality of production 
eclines sharply after that important decade. 

he weight of evidence gathered by Dr. Lehman 
ems to imply that the probability of new contri- 
butions is greater with the younger men, and that 
i period between 25 and 35 is all-important for 
selul ideas in research. Dr. Lehman writes that the 
beak of quality is reached earlier (between 30 and 

than the peak of quantity of output, and that 
itseems reasonable to conclude that the best and 
lost brilliant creative accomplishments are the 
ork of individuals who ‘hit their stride’ at not too 
ld an age level.” 

A check on the invention record of our own 
iboratories over a period of twenty-five years 
und it to fall on the general curve determined 
v Dr. Lehman’s searches, even though one might 
ave expected substantial deviations in gauging 
ne small organization against a whole profession. 
e found that most inventions at our laboratories 
sulting in patents issued were made by men in 


heir thirties, and that far fewer men contributed 


utstanding inventions after the fortieth year. 

American Chemical Society employment records 
iow that research organizations generally seek the 
hunger men to fill openings, or in expanding. One 
'ge company goes much farther and makes an 
ddition of 10 per cent of the total staff each year 
om current graduates. Five per cent are replace- 
ents and 5 per cent for growth. The chief re- 


search executive plans to maintain this source of 
new and young blood even if growth ceases and 
transfers to other work are necessary to continue. 
He believes that otherwise his research department 
will suffer obsolescence. 

Within our own laboratories the search for men 
for the technical staff shows a definite trend toward 
youth in the past decade. In 1940 23 per cent were 
in the age group 25-30; in 1947 36 per cent were 
in the age group 25-30, followed by a sharp de- 
cline through succeeding age groups to a com- 
parative low of 6.3 per cent for the age 
13-48 and only 5.4 
49—54. 

We believe that this search for younger scientists 
is directly related to the peculiar contribution they 
have to offer a research organization: their crea- 


group 


per cent for the age group 


tivity in terms of new ideas. 

The ratio of the youthfully creative to the well- 
tempered mind is, as I have stated elsewhere, one 
each research director must set up for himself. If 
men are generally hired at 25, and need five years 
of experience to develop full value, there is left a 
bare ten-year period between 30 and 40 for then 
best original creation. After that there is a period 
of twenty-five years to retirement, well over half 
of the forty years between 25 and 65. This ratio 
may be a normal and desirable one for the whole 
stabilized organization, say one third young men, 
two thirds men over 40. But if Dr. Lehman’s find- 
ings are pertinent to the industrial research field, 
the important point is recognition of the different 
characteristics of various age groups and the use of 
each at their most effective levels. The orthodox 


procedure of subordinating youth to age in all 


things does not seem indicated. 

No one with experience in the field of research 
management will tell you that the ideal total re- 
search staff consists of men between the ages ol 
25 and 40. Unfortunately, fewer studies appear to 
have been made of the correlation of age with 
stability, maturity of judgment, utilization of ex- 
perience, dependability—factors that we tend, by 
simple rule of thumb, to associate with men at 
higher age levels. ‘The young men are growing 
older in the meantime, and research management 
which has embarked on a policy of ensuring a pro- 
duction of new ideas by taking on younger staff 
members is faced with the twofold problem: (1) 
How shall a fruitful balance of older and younge 
age levels be established on research projects; and 
(2) how shall the younger men be assured of a 
future in which they will not bump their heads 
against the roof of seniority? 


Our own company, dealing as it does with the 
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solution of a diversity of problems in applied re- 
search, has found it practicable to sect up special 
teams for particular projects independently of 
organization chart, age, or previous condition of 
servitude. Even the very top of the organization is 
included in some of the project teams—and in any 
one instance not at all necessarily as the leader 
responsible for results. This policy was not recog- 
nized as a formal policy twenty years ago, but 
evolved slowly into an accepted arrangement be- 
cause we found it worked. As we have put the cart 
before the horse, the practice before the theory in 
this case, our experience may have a bearing on 
studies of age and youth in industrial research. We 
have found that retirement of older research 
workers simply to clear the way for the younger 
is not the only means of giving younger men the 
freedom of action they need to use their abilities to 
the full. 

Many executives in the research field have given 
thought to the problem of the older research man. 
Robert E. Wilson, chairman of the board of Stand- 
ard Oil of Indiana, wrote last year: “It is neces- 
sary to have what might be called both a staff and 
a line organization in research. Some men, as they 
grow older in experience and possibly a little less 
inventive, are most useful in consulting staff posi- 
tions, as associate directors, or something of that 
kind. Other associate directors furnish the drive, 
and the day-to-day direction of most of the re- 
search is put under them.” One executive of a large 
corporation has stated to me quite frankly that his 
company regards the older men more valuable 
than young men in the development end of the 
company’s activities. One sidelight on this problem 
came to my attention two years ago. It is not too 
pertinent and perhaps not too valid. But I found it 
significant in its implications. 

The Holyoke (Massachusetts) Savings Bank be- 
came concerned over the increasing age of the 
board of trustees. Members of the bank’s manage- 
ment drew up in cooperation with the trustees 
themselves a test to probe the fitness of trustees for 
the office they held. They felt, they said, that “even 
such an exceptional group of men as those who 
volunteer to serve our banks are subject to the same 
laws of human behavior as are the rest of their 
fellow-men.” A group of trustees representing the 
bank’s personnel committee then met and applied 


the special rating form to 53 trustees of three 


mutual savings banks of Holyoke. Their screening 


sheet defined physical fitness, mental alertness, 
open-mindedness, cooperation, and initiative as 
the desirable characteristics of the ideal trustee, and 


the team rated each man as excellent, good, fair, or 
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poor in each of them. Of the men ove; 
per cent qualified as the ideal trustee; o 
under 65, 95 per cent. 

The value of older men in industri 
may vary with the profession in whic] 
themselves, but certain factors tend to 
One well-known professor has said: “P 
men on the impossible tasks and then giv: 
tion to older men to develop.” Dr. 
written that “Mental deterioration is n 
sary result of aging,” and that ‘There i 
tific evidence for the popular dictum: ‘You ¢, 
teach an old dog new tricks’.” He referred to 
wartime Retraining Course at Harvard Busing 
School, where older workers were retrained | 
more responsible positions. “Their professors,” | 
Shock wrote, “were convinced that these ol 
workers could retain and master new informatig 
with adequate incentives. In addition, becaus 
their past experience in industry, they were able: 
contribute new ideas and procedures which 
definitely original and valuable.” 

Perhaps the qualifying phrase used by D 

“with adequate incentives”—goes far to mat 
the difference between the creativity of the young 
and the older worker. We know by what chang: 
incentives and interests we are influenced durin 
the progress of our lives, from the ice-cream cor 
the 2-year-old to the trusteeships of the man of 6 

From practical experience we all know that men 
total value to industry does not necessarily dimini 
with age. Yet we must also recognize a chang 
the character of a man’s contribution as he develo 
and ages. Unless we recognize and allow for tho 
changes in character of contribution we cant 
employ men most effectively or give them ade 
satisfaction. Currently there is much talk about: 
problem of the older man in industry. The doct 
have kept more of them alive. We forget that t! 
very existence also creates a problem for young 
men of ability and ambition. We forget that t 
is cruelty in creating frustration for young me! 
as much cruelty perhaps as in keeping older | 
at a level they can no longer match with ach 
ment—and this may be a great social loss, ' 
failure to use to the fullest the capacities of you! 

We must be just to older men. We must re‘ 
them for faithful past service. We must giv 
the security thev have earned and on which | 
are dependent. We must use their experience 
be guided by their seasoned judgment. But eve! 
the risk of being misunderstood, and « 
accused of unfairness to older men, I s! 
that the problem of the younger man is not 1 
ing its proper share of attention. 
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When «© speak of rewarding older men for thei 
t service, should we not also consider the 
nsation of the young? Why is it that a 
ms in his twenties receives an income 
sed on his outstanding contribution to the game 
{ baseball, a contribution limited by his increasing 
ronological age, while we give no thought to the 
bmparable position of the young creative worker, 
rticular industrial 
rch will also be limited by the age factor? I 
nderstand that one Belgian company has started 


contribution to re- 


nose }« 
i I 


trial of this arrangement. There are obvious in- 
me-tax and other complications in America, and 
would take courage and careful planning for any 
ne company to start such a plan, but as a specula- 
on it has some intriguing aspects. 

[he problem in the industrial research labora- 
vy of using both youth and age to their best ad- 
antage is especially acute. Only a small percentage 
{men in the industrial research laboratory need 

creative—but that percentage is vitally im- 
ortant 
Scientific studies in the creative imagination are 
from complete, and scanning the literature we 
ind the majority of books written by others than 
ientists—by critics discussing writers and painters, 
r by writers discussing one another. The outstand- 
iv, the authoritative. book is the fascinating literary 
udy of Coleridge, The Road to Xanadu, by John 
ivingston Lowes. Henri Poincaré has contributed 
ise and cogent essays on the subject. The influence 
i scientific ideas on literary imagination has been 


udied, attempts have been made in the medical 


eld to associate disease, mental and physical, with 
he workings of genius; but nothing definitive has 
been established about the processes of the healthy 
reative scientific imagination. We have been given 
ttle guidance toward fostering its development 
mong our young people. We now have one strong 
the influence of chronological 


hread in our hands 


ge on creativity. 
his creative imagination needs the research 
’s study and, particularly, his further consider- 
{ the age factor. We cannot expect ou 
ls alone to develop creative imagination in 
As a nation, unfortunately, we are more 
raise Quiz Kids than Isaac Newtons. We 
not expect the feeding of facts into young 
rople’s heads to give other return than the same 
acts possibly a little jumbled as the only evidence 
| their mental processing. Many schools turn out 
oung men and women prepared for immediate 
areey 


smart youngesters pat with answers, pre- 


» be passed from the molding pressure of 


school to the molding pressure of our complex 
industrial society. That they go from 


~ 


pressure to 
pressure is surely not conducive to creative activity 
as we recognize it from examples in the past 

We have always given thought in this country 
to the means of getting learning into people’s 


Relatively little 


given to getting new thoughts out. We produce by 


minds. consideration has been 
the score people who write, but most qualified 
critics seem to feel that the percentage of really 
creative writers is too small. The record is the same 
in other creative areas. It is an indictment of ow 
civilization that in the millions of tons of printed 
matter spewed from our presses daily there is so 
little evidence of creative activity. We still know 
nothing about the art of creating. We need ideas 

the arts. 


creative ideas—in science as well as in 


Research has become within our own lifetime 
complex, highly organized, and schematized. In- 
the has 


become big business. The taxes we pay support 


dustrial research in past decade alone 
research by government. As the acceptance of in- 
dustrial research as an honored and well-paid pro- 
fession sends more and more young men flocking to 
the laboratories, we must take increasing thought 
for their futures. Above all, we must concern our- 
selves with their successful integration into the in- 
dustrial research organization. 

To recapitulate: We have suggested that a divi- 
sion of assignment along orthodox administrative 
lines may not always be wise. The problems con- 
sidered here involve questions not only of the or- 
ganization of industrial research, but of education 
for it, and especially of the vital factor of the 
imaginative process. 

Are young men getting enough attention in aging 
America? Budding genius needs scope; in our quite 
proper consideration for the grandfathers we are in 
danger of overlooking the young men. 

In industrial research creative ideas are a must 


Creative ideas are related directly to age; they 


come, according to research data, mainly from the 
young men between 25 and 35. We must do more 
to encourage creative thinking, even if it means 
paying young chemists or physicists for their years 
of top creativity, much as Ted Williams is paid 
most during his few years of greatest usefulness. 

his is not the time to worry only about protect- 
ing old age. It is also not the time to concentrate 
solely on advancing youngsters. One way in which 
medical and social scientists can be of great help 
to management in America, and especially to the 
management of industrial research, is to discover 
and recommend ways to use men at different age 


levels most effectively and most fairl 
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HE past twenty-five years have seen remark- 

able advances in our understanding of nutri- 

tion, based principally on the results of 
biochemical investigations of plants and animals, 
including man. Comparative biochemistry is a term 
as commonplace to the college student of today 
as comparative anatomy was to many of his prede- 
cessors of not long ago. Progressively, investigators 
have turned their attention from carbohydrates, 
fats, proteins, water, and salts—the more easily 
studied bulk of body mass—to enzymes, hormones, 
vitamins, and metals which, though present in 
minute quantities, nevertheless exert powerful influ- 
ences in plants and animals alike. Without them 
life of any evolutionary form cannot exist. Although 
earlier investigators were well aware of the exist- 
ence of problems involving these substances, re- 
search on them was delayed because instrumenta- 
tion was either not available or not sensitive enough 
to deal with quantities present in concentrations 
as low as thousandths and millionths parts of grams. 
Advancing technology has made possible an 
ever-widening scope for the biological investigator 
interested in human health and disease and the 
maintenance of adequate nutritional balance 
between man and his environment. New techniques 
have made possible the study of the substances 
present in minute quantities, with reference to 
their occurrence in cells and tissues and their func- 
tion in living systems. These substances have been 
shown to be concerned with all aspects of biology. 
They are particularly important not only in the 
reactions involved in the synthesis of energy-rich 
compounds from inorganic constituents utilizing 
sunlight, but also in the final breakdown of these 
foodstuffs by oxidation, yielding the harnessed 
energy that can be utilized by another organism. 
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Society 


The role of inorganic constituents in intermediary 
metabolism has long been neglected, but now th 
exciting story of their occurrence and function 
plants and animals is beginning to unfold 

Of the ninety-eight elements of the periodic table 
more than sixty have been discovered in bacteria, 
fungi, higher plants, and animals. Few of these 
elements have been studied intensively. Investiga- 
tion has been largely restricted to those occurring 
in amounts large enough to be easily measurable 
with available techniques. Among them we n 
list calcium, carbon, hydrogen, iodine, iron, mag- 
nesium, nitrogen, oxygen, phosphorus, potassium, 
sodium, and sulfur. 
elements,” “micro- 


“Trace ‘“‘micronutrients,” 


elements,” “minor elements,” and “oligoelements” 
are terms applied to the remaining elements occw- 
ring in biological systems—but in quantities 
minute that no known instrumentation has allowed 
their measurement, and little or nothing has therr- 
fore ever been learned about their function. They 
have been the subject of much philosophical dis 
cussion, teleological reasoning, and controversial 
argumentation, all quite fruitless in view of seem: 
ingly insurmountable technical difficulties precluc- 
ing any experimental settlement of the issue. As 
result of this debate the term “trace element” ba 
acquired a somewhat base and ignoble connotatio! 
implying that these substances can only be 
ured qualitatively, and not quantitatively, 
their presence is accidental, and therefore has | 
discernible consequence. This is an erroneous 
clusion. Although the teleological debate may ha\ 
added but little fact, it has pointed out clearly t 
resemblance between diseases of plants and anima’ 
due to, for example, deficiencies of coppe! 
balt, manganese, molybdenum, and zinc 
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The elements above the black line have been en- 
countered in some biological system. The concentrational 
occurrence and function of most are unknown. 


wil, to certain pathological processes of man, the 
nature of which is not understood thus far. To 
give these elements an unprejudiced status the 
term “oligometals’* has been proposed to designate 
metallic elements occurring in the body in low 
concentration. In this discussion the terms “trace 
eement” and “oligoelement” will be used inter- 
changeably. 

The oligoelements occur, and are thought to be 
required, in extremely small quantities, as the 
designations imply, and many or all of them are 
thought to be essential to life. The verification of 
this hypothesis has posed extremely difficult prob- 
lems because of the inadequacy of past and present 
technical development. Much of the evidence has 
been collected with great difficulty and has not 
stood the test of time. Yet so much convincing 
material has been adduced that there can be little 
question that the oligoelements are important 
metabolites which may hold the answers to many 
unsolved biochemical and biological problems. 

In many ways the role of trace metals in biologi- 
cal phenomena is not dissimilar to that of the 
vitamins. Metals have been found to participate 
in catalytic processes, either as integral parts of a 
protein molecule as metalloenzymes, or as “acti- 
vators” of enzyme systems—in which case some 
observers have considered the elements involved to 
be coenzymes, the binding being so loose that 
dialysis was readily possible. In other instances, 
however, they have been associated with proteins 

© 


o=Greek meaning ‘few, scanty.” 
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serving as hormones or engaging in functions of 
storage or transport. 

Accumulating evidence indicates an abnormal 
distribution of these substances in the pathological 
growth processes referred to collectively as cancer, 
in the psychoses, some neurological disorders, and 
in blood diseases. 

The experimental advance has been consequent 
to major developments in techniques during the 
past ten years, which have finally opened new ave- 
nues of approach in the quantitative determination 
of very small amounts of inorganic substances. 
These highly sensitive techniques now reveal addi- 
tional oligometals not previously known to be pres- 
ent. As might be expected, such advances have come 
from fundamental] investigations in chemistry and 
physics, and can now be adapted for use in biology. 

Biological matter more closely resembles sea 
water than the earth’s crust in its inorganic com- 
position, evidence of adaptation to the aqueous 
environment in which it originally evolved. Con- 
tingent upon their needs, different biological species 
have concentrated different elements from their 
environment to a marked degree. It been 
argued that the presence of the oligoelements in 
higher forms is but a result of “contamination” 
from their food sources. Yet titanium and silicon 
present in high percentages in the earth’s crust, 


has 


upon which plants are nurturing directly, are al- 
most completely rejected by them. On the other 
hand, thiospirilla and bacteria may selectively ac- 
cumulate sulfur and use it in their essential energy 
cycle, and vanadium takes the place of iron in the 
respiratory pigment of ascidians, and copper 
similarly in the hemocyanins of crustacea. Berthol- 
letia excelsa, the Brazil nut, selectively accumulates 
barium, and definite concentrational differences of 
barium are encountered between the testa and the 
endosperm. Brewers yeast has been found to have 
less aluminum, barium, cobalt, phosphorus, man- 
ganese, copper, and zinc than a comparable sample 
of baker’s yeast, and contained boron and chro- 
mium which were absent from baker’s yeast al- 
together. Because of the minute quantities neces- 
sary to bring about biological effects, and the lack 
of adequate techniques, it has been most difficult 
to identify the elements necessary for vital processes. 
Yet workers in agronomy, botany, veterinary medi- 
cine, bacteriology, and enzymology have shown con- 
clusively that the oligoelements play an essential 
role in living systems, even though quantitation of 
these elements is still in the embryonic stage. 

It is not generally known that numerous plant 
diseases are due either to deficiency of, or intoxica- 
tion by, a metal and that many bacterial strains 
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are dependent on one or many elements for growth. 
Lack of boron, copper, manganese, molybdenum, or 
zinc produces well-defined deficiency diseases of 
great economic importance; pecan rosette of de- 
ciduous trees, canker of beets, reclamation disease, 
and gray speck of oats may all be cured readily by 
the addition of boron, copper, manganese, and zinc, 
respectively, to the nutrient medium (Table 1). 

Since there are definite areas of soil deficiencies 
near the eastern and western seaboards and the 
Great Lakes, animal deficiency diseases caused by 
inadequate metal content of the fodder will occur 
there. Cobalt deficiency manifests itself by anemia 
and emaciation terminated by death. The disease 
is known as bush sickness, Morton Main’s disease, 
or enzootic marasmus in different the 
world. The addition of cobalt to the feed corrects 


areas of 


the condition. The recent discovery proving vita- 
min B,. to be a cobalt-containing complex has 
stimulated interest in cobalt metabolism of man 
and emphasized the importance of that element in 
nutrition. 

Similar studies have been carried out for other 
elements. Copper deficiency is responsible for seri- 
ous and fatal diseases of cattle, goats, and sheep 
known as salt lick, reclamation disease, or sway- 
back, and manganese deficiency has been found re- 
sponsible for serious bone disease in chickens and 
pigs. On the other hand, molybdenum or selenium 
intoxication is not an uncommon cause of disease 
in cattle in many parts of the world. 

These well-established examples demonstrate the 


TABLE 
DEFICIENCY 


OLIGOMETAL 


Element Plant Diseases 


Copper recla- 


(Interacts with Mo) 


Exanthema, dieback, 
mation disease 


Cobalt No. pathological manifesta- 


tions have been described 


blight, 
marsh 


pahala 
yellows, 


Gray speck, 
speckled 


spot 


Manganese 


Zinc little leaf, 


Pecan _ rosette, 
mottle-leaf 


* From Vallee, N. N. “The Epidemiology of F, I, 
(1949 


370 


Mn, Cu, Co, Zn, 


direct relationship of certain metals to s 
of life and that their occurrence is not 
Experimental plants 
organisms, and animals have been produ 
laboratory and have greatly enhanced o 
edge. Studies of this sort with plants and micro. 
organisms date back to Sachs (1860), Knop ang 
Raulin (1860), but truly successful wor! man 
was not accomplished until the 1920s, when sudde: 


1CT 


deficiencies in 


interest on the part of many investigators pro- 
duced a flood of papers which has been ever. 
increasing. Some workers have attempted to eluci. 
date the problem by balance studies. Few cop. 
clusive data, however, have accumulated 
this type of endeavor. Work on coppe: 

olism indicates that this element may hav 
sential role in hemoglobin formation of rodent: 
and its dietary deficiency, as well as those of man- 
ganese and zinc, results in inanition and death 


fron 


an ¢s- 


Conclusions applicable to the physiology of man, 
however, are not warranted, because of the great 
species difference. 

Recent work in Australia, England, and th 
United States has emphasized the important in- 
fluence of molybdenum on copper metabolism in 
cattle. It seems apparent that delicate balance: 
between these two and other elements exist, not 
easily studied by following the metabolism of onl) 
one. The ideal instrumental approach seems ex- 
emplified by 
simultaneous quantitative measurement of some 
fifteen to twenty elements in blood and tissue. 


emission spectrography permitting 


1 * 
DISEASES 


Deficient 
Areas 


Animal Diseases 


Salt 


disease, enzootic 


Australia 
Denmark 
Great Britain 
Holland 

New Zealand 
South Africa 
South America 
United States 


lick, swayback, licking 
ataxia 


Australia 
Canada 
New Zealand 
Scotland 
United States 


United States 


sickness, en- 
Morton 


Pining, bush 
zootic marasmus, 


Main’s disease 


Pero- 
rabbits, 


Laboratory-produced: 
sis of fowl and 
lameness of pigs 


Failure of growth in labora- United State: 


tory rats and mice 


Mo, in Soils, Plants, Animals and Man.”’ Boston Univers Thes 
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phenylthiocarbazone 


n vitro studies have scrutinized the effect 
lements on isolated enzyme and hormone 

an effort to assign definite functional 
hese elements. 


cussion of this subject would be inade- 
uate without a brief review of the techniques 
which have made progress possible and are con- 
finuing to open new avenues of approach. These 
technic 


Any 


es are: 
Microchemistry 
Emission spectrography 
Polarography 
Ion exchange separations 
Electron optical methods 
X-ray methods 
Activation analysis 
Radioactive isotopes 
9. Mass spectrography 
10. Microbiological assay 
Among these methods microchemistry stands out. 
lhrough the diligent search of various investigators, 
many dyes have been and are continuing to be 
found which selectively combine with certain 
metals. Some of these dyes are nonselective and 
interact with many metals. By adjustment of the 
pH of the substance to be analyzed, however, and 
by the addition of salts which form metal com- 
plexes, metals other than the one sought may be 
excluded from the reaction, and thereby specificity 
lor one is attained. Dithizone and its derivatives 
are good examples of this group, though there are 
many others: 8-hydroxyquinoline (oxine), ortho- 
a-nitroso, $-naphthol, etc. Di- 
(dithizone) combines with 
many elements to form metal dithizonates binding 
either one or two metal atoms per molecule of dye. 
Dithizone may be dissolved in CCl, or CHCl, and 
by separatory funnel extraction the metals in ques- 
tion may be extracted stoichiometrically from the 
iqueous solution to be analyzed. Dithizone itself 
is green, but the resulting zinc dithizonate is red, 
the cobalt dithizonate violet, the mercury com- 
pound orange, and the nickel compound brown. 
(hese compounds have characteristic spectro- 
photometric absorption curves and obey the Beer- 
Lambert law. The physicochemical properties 
make these dyes eminently useful from the point 
ot view of the trace metal analyst. Microchemical 
quantities of the order of 1 ug can often be analyzed 
with great accuracy, an achievement that was im- 
possible fifteen or even ten years ago. Since this 
s the order of magnitude in which some of the 
interesting biochemical elements may occur in 
blood and tissue samples available for handling, 
microchemical techniques are very useful. It 
emphasized, however, that they are often 


nitrosophenol, 


these 
must he 


June 51 


Because of the minute 


complex and _ difficult. 
quantities involved, scrupulous cleanliness, as well 


as avoidance of contamination of reagents and 
glassware, is indispensable. And this of course ap- 
plies both to colorimetric techniques and to other 
procedures for trace metal analysis. This point can- 
not be emphasized too strongly, since the problems 
of contamination involved are easily of the order 
of magnitude of those encountered in bacterio- 
logical research. 

Emission spectrography utilizes the fact that ele- 
ments excited by sufficient energy emit light of a 
characteristic spectral distribution. The simplest 
example of this type is the introduction of small 
quantities of an element into the flame of a Bunsen 
burner, in which case sodium, for instance, emits 
yellow, and potassium red, light in the visible region 
of the spectrum. The accepted mechanism of this 
effect is the excitation of atoms in the flame to 
higher electronic energy states, followed by emission 
of light when the excited atoms return to lower 
energy states, or when ionization takes place by 
complete ejection of an electron from the atom. 
The various transitions from higher to lower states 
are accompanied by the emission of light of specific 
wavelengths characteristic of this element. The 
light appears in the form of spectrum lines when 
viewed through a suitable prism device. Some 350,- 
000 lines have been measured. Their interpretation 
is complex, though the task from the analyst’s view- 
point is lessened somewhat by the fact that some 
lines are more persistent than others. When the con- 
centration of an element is decreased, the number 
of lines observed, other factors being constant, be- 
comes progressively fewer until only the “ultimate 
lines’ remain; these can be relied upon to identify 
the presence or absence of a given element ac- 


curately. 


Diagrammatic sketch of Jarrell Ash grating spectrograph. 
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Which electronic transitions will occur is de- 
pendent upon the electric, magnetic, and thermal 
influences to which the atom is subjected, as well 
as upon its own structure. Different forms of excita- 
tion will therefore produce varying effects. ‘The 
ones in most common use are the electric arc, the 
spark, and the hot flame. Which one of them is 
most suitable for a given case is determined by ex- 
perience, though as a rule the d-c arc is found most 
reliable and sensitive for emission spectrography 
of biological samples. 

When the light emitted from one or several ele- 
ments is introduced into the slit of a spectrograph 
and allowed to impinge upon a dispersing element, 
either a prism or a diffraction grating, the light is 
dispersed into its component wavelengths, which 
may then be recorded on a photographic film or 
plate where the light at each wavelength will bring 
about blackening in the form of a line. 

This technique has the unique advantage of de- 
termining simultaneously the qualitative presence 
or absence of almost all elements quickly and ac- 
curately. This is true for concentrations as low in 
1x10 to 1x10°° g (1/100— 
1/1000 pg) /g of sample. This in itself makes emis- 
sion spectrography an extremely valuable tool, par- 


some instances as 


ticularly since only very small samples are necessary 
for useful determinations. 

The technique is even more attractive when it is 
realized that it may be used for quantitative work 
quite as well. This quantitative usefulness is based 
on the fact that under appropriately controlled 
conditions the light emitted, and hence the blacken- 
ing of the photographic plate, are proportional to 
the amounts of element present in the sample. The 
density of lines is therefore an index of the amount 
of element present, and the blackening can be 
measured accurately with a microdensitometer. 

The main difficulty with which the biological 
investigator is confronted is the question of sample 
preparation. Although spectrography has been used 
widely in industry, it has never been adapted ade- 
quately to the needs of the biologist. 

The polarographic method of chemical analysis 
was described twenty years ago by Jaroslav Hey- 
rovsky in Prague. It is a relatively new technique 
on which publications in the United States did not 
appear until 1937. Since then the field has virtually 
mushroomed. The principles of this method are 
based on the interpretation of the current-voltage 
curves which are obtained when substances—which 
are electrolyzed in a 


may be organic or inorganic 
cell in which one electrode, the cathode, consists of 
mercury, falling dropwise from a very fine bore 
capillary toward a stationary mercury anode. Dif- 
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ferent ions have typical conductivities, 2d the 
voltage necessary to start decomposition » de 
1¢ sub- 
stance in question. The height of the wave, the 


composition potential’”—is characteristic o 


“limiting current,” is a quantitative measure 0 
amounts present. Usually it is measured as the 
“half-wave” of the “limiting current.” 

The current-voltage relationships obtained per- 
mit both qualitative and quantitative determina. 
tions. Several substances may be determined simu. 
taneously under especially favorable circumstances 
Instruments now in use make a written or photo. 
graphic record 
voltage-amperage relationships. 


known as a polarogram—of these 


Radioactive isotopes constitute yet another im. 
portant tool in the study of the physiology of trace 
metals, but they cannot replace microchemical tech- 
niques as some workers have thought. The infor- 
mation obtained by the use of radioactive isotopes 
is only valuable when simultaneous microchemical 
determinations are made. When the total content 
of an element is known, the radioactivity data may 
provide an index of turnover, and therefore of 
physiological activity. In this fashion it is possible 
for instance, to “label” a given metal enzyme and 
study its behavior in the body as compared with t! 
total amount of the metal present. It is safe to s 
that microchemistry and radioactivity studies serv 
best as mutually dependent, supplementary 
proaches. 

In addition to the techniques described, several 
others are being explored, the quantitative useful- 
ness of which at the present time is not as yet de- 
finitive. X-ray absorption in tissues, ion exchang 
separations, and artificially induced radioactivit 
in tissues by pile bombardment (“activation ana 
sis”), all seem promising approaches. The succes 
ful and well-equipped analyst of trace metal 
ought to be able to employ all these methods ai 
not one in preference to the other, because in in- 
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Quantitative analyses of human thyroid glands on Littrow spectrograph, using gallium as an internal standard 
Notice the stepped iron spectrum for plate calibration. Brackets indicate repeat exposures of aliquots of the sam 
notations identify the samples. This is a positive of an actual spec plate 
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lividual cases they all have their very specific and 


eculiar usefulness. In many instances, they cannot 
eplace 


Botanists, microbiologists, and_ bacteriologists 


one another. 


have been more successful than others in delineat- 


species of interest to them. The relatively short life 
span of these species, and the relative ease of con- 


importance of the oligoelements in the 


trol of their nutrient media, have generally been im- 
nt criteria. Others have directed their atten- 


vt 
rt 


terme 
L1Lit 


Lda 


d 


tion to the effect of oligoelement deficiencies on in- 


iate metabolism by studying isolated en- 


vine systems of trace-metal—deficient organisms. 


lo a test organism all essential nutritional com- 


onents except one are supplied, and the effect of 
ts deprivation is studied. Such a regime naturally 


Wt 


Wé 


yi Ty 
all 


‘s absolutely pure reagents, and contamina- 


a very serious problem. Commercial “chem- 
pure” reagents are never adequate, and 


spectrography will almost always show them to 
iin critical quantities of the oligoelements. 


Mar 


St 


( 


investigators have utilized ingenious devices 
ir removal, with varying success. 


ral microorganisms—e.g., Aspergillus nige) 


such sensitive indicators of the presence or 


{ 


of some elements that their growth response 
addition of an oligoelement to standard 
has been made the basis of semiquantitative 


iy methods for the detection of these ele- 


Little work, however, has been done to 


iin concomitantly the resultant metal distri- 


in the organism. 


5] 


In higher animals experiments have usually been 
restricted to rodents because of the great difficulties 
associated with the design of metal-free feeds for 
animals unable to survive on highly purified syn- 
thetic diets. Early attempts to achieve clear-cut 
evidence of the essentiality of an element were 
foiled by the fact that animals were simultaneously 


deprived of vitamins. The aim of such experiments 


on animals, as with microorganisms, has been to 
eliminate a given element from the diet, thereby 
decreasing growth significantly, and finally cause 
the death of the animal at a statistically significant 
earlier stage of its life cycle. Simultaneously in- 
vestigators noted the symptoms and pathological 
lesions that developed, to obtain clues to human 
disease processes of unknown cause, and to explain 
the role of the metal in normal metabolism 
Elvehjem et al. and Day studied the effect of such 
deficiencies on the activity of various enzyme sys- 
tems in different tissues to find criteria of depriva- 
tion. Suggestive but inconclusive information has 
resulted from these attempts. 

Finally, many studies have been designed to 
establish blood and tissue levels in animals or man, 
and to utilize deviations from the norm as indices 
of intoxication, deprivation, or deranged _inter- 
mediate metabolism. The study with zinc is a point 
in case. The following brief survey of zinc metab- 
olism may exemplify the general type and nature 
of information available in this field, and the 
methods tor physiological approat hes chosen 

The first observations of plant disease due to 





zinc deficiency were made in 1900, though earlier 
work of Raulin on fungi had already established 
the element as a growth factor. By 1933 pecan 
rosette (variously called “little leaf,’ “‘mottle-leaf,” 
or “yellows”) could be attributed to a zinc de- 
ficiency. This disease of pecan trees, characterized 
by failure of normal development, chlorotic and 
mottled leaves, and the development of rosette buds 
below the dead region of the plant, was a source 
of major economic losses to Texas and Arizona 
farmers. 

Observations on animals showed that mice re- 
quired zinc for normal development. A deficiency 
of zinc in the diet produced impaired growth, alo- 
pecia, anorexia, ataxia, inanition, and death. Fur- 
ther experiments on rats revealed a disturbed pro- 
tein, carbohydrate, and nucleoprotein metabolism. 
Histological studies on zinc-deficient animals dem- 
onstrated hyperkeratinization, thickening of the 
epidermis, and edema of the skin and mucous mem- 
branes of the esophagus and mouth. Attempts to 
design appropriate diets showed that for rats the 
daily minimum requirement of zinc is about 40 
ug /day. 

The use of dithizone and polarographic tech- 
niques has established approximate zinc levels in 
some animal tissues. Most organs, including the 
pancreas, contain about 20-30 ug Zn/g wet weight; 
liver, skeletal muscle, and bone contain about 60 
ug Zn/g wet weight, and the endocrine organs and 
lymph nodes contain from 60 to 180 pg/g. Blood 
values vary from 6.5 to 13 ug/g of erythrocytes, 
depending on the species. In 100 ml of whole blood 
one finds about 880 wg of zinc. Seventy-five per 
cent of this blood zinc is found in red blood cells, 
22 per cent in plasma, and 3 per cent in white 
blood cells, which imparts to the latter an unusually 
high concentration of the element, since there is 
only one white blood cell for each thousand red 
blood cells in circulation (Vallee and Gibson). 

Studies using Zn® showed that the greatest turn- 
over of zinc took place in the liver, pancreas, kid- 
ney, and pituitary, whereas red blood cells and 
bone were the only tissue components that accum- 
ulate the element. Similar studies of pregnant dogs 
with the isotope Zn®* demonstrated the passage of 
zinc across the placenta. 

The distribution of zinc in various pathological 
conditions has been studied, and extensive devia- 
tions from normal values have been observed in 
leukemia, methylcholanthrene-induced cancer, and 
pernicious anemia. The zinc content of leukemic 
leucocytes is markedly reduced, whereas the con- 
tent of pernicious anemia erythrocytes is markedly 
The zinc and other 


elevated. redistribution of 
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metals in induced cancer suggests a gene: 
turbance of the metal content of neoplast 
In 1940 Keilin and Mann established ¢! 
known physiological activity of zinc, nam: 
it is a structural and functional component 
enzyme carbonic anhydrase. Their method « 
enzyme isolation and purification establish 
basis for similar investigations on other 
enzyme systems. ‘The enzyme, previously known 
to be present in red blood cells where it cal ilyzes 
the reaction CO, + HzO = H.COs, was first 
onstrated to be a metal complex by its reversible jn. 
hibition by KCN +, H.S, NaN;. That this 
was zinc was further demonstrated by the co: 
proportions of the element (0.33 per cent 
purified enzyme preparation gained from ox 
rocytes, and by the fact that a linear relationship 
exists between the amount of zinc present and th 
enzyme activity. Protein fractionation of white 
blood cells performed by Hock and Vallee has re 
cently demonstrated that they contain a hitherto 


dem- 


unknown zinc protein, which has been obtained in 
relatively pure form. Its function is not yet known 


The search for an explanation of the physiologi- 
cal role of the oligoelements has emphasized thei1 
association with enzyme systems in living cells. His- 
torically the general thesis of a relationship betwee: 
metals and enzymes was set up by Otto Warburg 
twenty-five years ago. The approaches and logi 
he used, as exemplified in his monograph, hav 
markedly influenced subsequent work in this field 
He approached the problem primarily by the us 
of inhibitors of metals, mainly CN~ and CO, upo 
the activity of enzyme systems. More specific in- 
hibitors have since been added. Direct analysis fo: 
metal constituents of purified enzymes was usuall 
avoided; most reliance was placed on the measure- 
ment of enzyme activity. Keilin and his school in 
Great Britain, as well as Theorell in Sweden, how 
ever, have attempted to characterize the metal 
content of such systems. 

One group of enzymes contains a metal as a! 
integral part of the molecule (‘Table 2). There 1s a 
fixed amount of metal per molecule of protein, with 
which it is inseparably associated. The enzym 
activity is contingent upon the presence of th 
metal, which will not dialyze. When the 
is split from the protein residue by some vigorous 
manipulation, all measurable biological activi! 
is lost and is not readily restored by readdition 
this or any other metal. Some of the metals 
part of porphyrin structures as found in hem 
globin. 

This group of compounds has been isolated 
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TABLE 2 


METAL ENZYMES 


Cytochromes 

Cytochrome oxidase* (Warburg’s respiratory enzyme?) 
Cytochrome peroxidase 

Peroxic ase 

Verdoperoxidase 

Catala 


[yrosit ise (monophenol oxidase, polyphenol oxidase, 
atecholase, dopa oxidase ) 
Laccase 
\scorbic acid oxidase 
Cytochrome oxidase* 
Hemocuprein) ¢ 
Coeruloplasmin ) ¢ 
Hepatocuprein) ¢ 
Milk factor) ¢ 


nic anhydrase 
Leucocyte zinc protein) ¢ 
Manganese 
lransphosphorylase 
Magnesium 
Chlorophyll 
Carboxypeptidase* 


* Metal content doubtful. 
+ No demonstrated enzymatic activity. 


fractionation with varying alcohol concentrations, 
changes in pH, ionic strength, temperature, metal 
complex formation, electric fields, or centrifugation. 
Such fractionations may be followed by measuring 
enzyme activity and metal concentration per gram 
dry weight of protein, until constant ratios of 


Enzyme Activity 


Metal 


Metal Enzyme Activity 


Protein Protein 7 
are achieved. In most instances enzymes are meas- 
ured on the basis of their biological activity, and 
little if any information can be obtained on their 
centration. The simultaneous assessment of bio- 
logical activity and concentration of an integral 
metal component which may be measured chemi- 
cally, as exemplified by work on carbonic anhydrase 
and zinc, should facilitate considerably the quanti- 
tative study of enzyme distribution and function. 
Proof of existence of an enzyme containing a 
metal as an integral component may be found in 
the following criteria: 
Rising metal/protein ratio on physicochemical puri- 
fication, until a constant metal/protein ratio is 
issured. 
Metal and protein are found in molar proportions. 
No metal is added from the outside. 
The ratio of enzyme activity/metal is a constant. 
Removal of the metal results in inactivation. 
A crystalline protein with constant metal /protein 
ratio may be obtained. 
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Isotope tagging allows the study of turnover rates 
of such compounds and their kinetics, as exem- 
plified by work of Theorell on catalase and Fe*’, 
and Dawson on ascorbic acid oxidase and Cu. 

On the other hand, a very much larger group of 
enzymes is in very loose association with a metal, 
and the criterion of association is the activation of 
catalysis. In this group the specificity of the associa- 
tion is lacking. The metals are dialyzable and may 
substitute for one another in many instances. The 
metal ion is not an integral part of the molecule, 
and in most instances the enzyme is apparently 
active without it altogether. These facts increase 
the difficulties of assessing the biological significance 
of these in vitro findings. Some have considered 
the difference between these two groups of metal- 
enzymes systems to be quantitative only, represent- 
ing different modes of bond structure but having 
similar biochemical meaning. Others have thought 
of the metal as being involved in the formation of 
the intermediate enzyme-substrate complex. What- 
ever the hypotheses, operationally the first group 
lends itself more readily to a definitive assessment 
of the physiologic al role of metal-enzymes systems 
at this time, since experimentally the element and 
the enzyme may be studied jointly and separately 
in vitro and in vivo. 

Even though there are great difficulties in physio- 
logical interpretation of work with the “loose en- 
zyme metal complexes,” they are of the greatest 
theoretical importance in the understanding of 
catalytic phenomena. Many important observations 
that provide working hypotheses have been made. 
Metal ions have lone been known to have catalytic 
activity all by themselves. This activity can be en- 
hanced by the presence of inorganic or organi 
molecules and proteins, as was shown by Warburg. 
Models for enzyme catalvsis have been evolved in 
this fashion, and recently Smith has attempted to 
explain the mode of action of certain proteolytic 
enzymes on the basis of their interaction with metal 
ions. 

Arginase exemplifies an enzyme that is activated 
by many different metal ions. Manganese, vana- 
dium, iron, cadmium, nickel, and cobalt have all 
been found to increase the catalytic action of argi- 
nase. However, it is not known which ones of these 
elements—if any—are the physiologically active 
ones, though manganese has been assigned this role 
without any conclusive evidence for this assump- 
tion. Succinic dehydrogenase is activated by alumi- 
num, chromium, and cobalt, and certain rare 
earths, such as lanthanum, samarium, and neodym- 
ium. The physiological occurrence of the rare 
earths is even more obscure than that of most 





other elements, and it is therefore virtually impos- 
sible at this time to assign any functional meaning 
to this observation. On the other hand, it empha- 
sizes the argument that many in vitro observations 
may be of passing interest only. 

Though most of the theoretical implications con- 
cerning this second group of metal enzymes will 
have to await clarification, the practical aspects 
of their behavior are of great significance to the 
enzymologist faced with specific problems in the 
interpretation of intermediary metabolism. Oligo- 
elements may accelerate or inhibit reactions selec- 
tively. With reference to the latter, one can point 
out that about 50 per cent of all known enzymes 
require free sulfhydryl groups for activity: it is well 
known that metal ions can react with such sulfhy- 
dryl groups, thereby inhibiting these enzymes. It is 
completely unknown whether the body avails itself 
of the inhibiting, activating, or both actions of 
neither 

The problem of trace elements in living systems 
cannot be assigned to any one particular field, as 
this sketchy survey shows. It extends from agronomy 


metals—or to control enzyme reactions. 


through botany, microbiology, animal husbandry, 
veterinary medicine, animal and human nutrition, 
through the study of human disease processes. It 


concerns the chemist and enzymologist, 
the biophysicist. The problem itself is 
demonstration that all phenomena of li! 
sence, constitute a closed system. The s 
energy for living matter has been the preoc: 
of biochemists in the past. ‘They concentrat 
attention on the organic molecules which st 
supply this energy. ‘The constituents of thi 
cules, however, are manufactured from thi 
atmosphere and the components of the soil 
molecules supply the framework and act as 
for energy, the only factor in our life cycle s pplied 
Oddly en 
much attention has been devoted to these « 


from an extraterrestrial source. ougl 


nplex 


molecules, but their interaction with simpler 


organic compounds derived directly from the so; 
has been unduly disregarded. The influence of most 
of the elements upon assimilation of solar energy 
in photosynthesis and its utilization in metabo! 
processes has received less than its due shar 
scientific attention and is yet to be understood. Th 
skeptics might do well to remember the hormones 
and vitamins and their influence on modern bio- 
chemical thought as sufficient proof that what is 
quantitatively need not 
insignificant. 
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s the Pacific Sardine 


isappearing? 


J. L. McHUGH* and ELBERT H. AHLSTROM# 


The senior author, a native of British Columbia, completed his doctoral re- 
search in 1950 at the Scripps Institution, where he has most recently been 
associated with the investigation of the sardine, a part of the Marine Life Re- 
search program. Previously he was a scientific assistant of the Fisheries Research 
Board of Canada until he was called into military service. In January 1951 he 
became director of the Virginia Fisheries Laboratory. Dr. Ahlstrom (Ph.D., 
Ohio State, 1934) has been with the Fish and Wildlife Service since 1939, and 
is now in charge of the recruitment research on the California sardine. He is 
concerned also with the identification of the fish larvae occurring off the west 
coast of North America and has been successful in tracing a number of com- 


EACHING a maximum of almost 800,000 
tons in the season of 1936-37 and remain- 
ing above the half-million-ton level during 

the ensuing eight seasons, the annual catch of sar- 
dines along the Pacific coast of North America 
declined abruptly in the years following 1945. So 
sharp was this drop that by 1947-48 the total 
landings only slightly exceeded 100,000 tons. 
\larmed by the disaster that appeared to be 
threatening this major California industry, which 
processes about 90 per cent of the total Pacific 
oast sardine catch, the fishery operators began to 
expand the research being conducted. 

Much valuable research on the sardine had been 
done and was in progress at the time of the 
decline, but the work was hampered by a lack of 
adequate funds and facilities. Both scientists and 
operators felt the need of expanding the research 
it sea, especially in the oceanographic field. 

During the spring of 1946 the San Francisco 
Sardine Association allotted $30,000 for an inves- 
tigation of availability of sardines off San Fran- 
cisco. The purse seine vessel Pearl Harbor, 
equipped with echo-ranging gear as an aid in lo- 
cating sardine schools, made a number of cruises 
off central California. Scientists of the California 
Division of Fish and Game and the U. S. Fish and 
Wildlife Service who participated in these cruises 
made observations on temperature and plankton 


* Contribution from the Scripps Institution of Ocea- 
nography, New Series, No. 508. 

t Published by permission of the Director, U. S. Fish 
and Wildlife Service. 
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plicated life histories. 


distribution. Only limited information was se- 
cured on sardine availability, but the industry was 
impressed with the value of oceanographic fisheries 
research, notwithstanding its high cost. 

To provide additional research funds the Califor- 
nia sardine operators in 1947 voluntarily proposed 
a levy of 50 cents per ton on sardine landings, in 
addition to a similar tax then in effect. A Marine 
Research Committee, consisting of nine members 
representing the industry, scientists, and the people 
of California, was set up to administer the new 
funds. This body was largely responsible for secur- 
ing from the California legislature a grant of $300,- 
000 (later about $400,000) annually to the Univer- 
sity of California for marine life research, with 
particular emphasis on the analysis of oceano- 
graphic conditions that may determine the pro- 
ductivity of the ocean waters. 

The augmented sardine research program is a 
unique cooperative venture in oceanography and 
fisheries biology. Major contributions are being 
made by the Bureau of Marine Fisheries of the 
California Division of Fish and Game, the South 
Pacific Fishery Investigations of the U. S. Fish 
and Wildlife Service, and the Scripps Institution 
of Oceanography of the University of California. 
In addition, the California Academy of Sciences is 
studying sardine behavior. 

The work at sea, which forms so important a 
part of the expanded program, requires a fleet of 
vessels capable of cruising the open Pacific and 
carrying out their duties under almost all weather 
conditions. For this purpose, four ships are en- 
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Fic. 1. The Yellowfin, research vessel of the Bureau of 
Marine Fisheries, California Division of Fish and Game, 
engaged mostly on studies of the Pacific sardine. 


gaged exclusively in the collection of data. These 
are the Yellowfin (Fig. 1), a 114-foot, wooden- 
hulled ex-Army freight and supply ship, of the 
California Division of Fish and Game; the Black 
Douglas (Fig. 2), a 133-foot, steel-hulled ex- 
schooner, of the U. S. Fish and Wildlife Service; 
and two ex-Navy vessels, of the Scripps Institution 
(Fig. 3), the Crest, a wooden-hulled 136-foot 
minesweeper, and the Horizon, a steel-hulled, 143- 
foot tug. 

Periodic cruises with three of these vessels are 
made throughout the year over an area extending 
from Oregon to central Lower California and to 
a distance of approximately 400 miles offshore. 
Each ship is at sea for a period of about two 
weeks in every month, occupying a series of 40-50 
oceanographic stations (Fig. 4). At these stations, 
from observations of temperatures and salinities at 
15 depths from the surface to 1,000 meters (Fig. 
5), the course and velocity of the oceanic currents 
are estimated. Samples of water collected from 
each depth are analyzed for dissolved oxygen 
and phosphate content. Hauls with fine-meshed 
nets (Fig. 6) are made to determine the kinds, 
abundance, and distribution of small organisms, 
including fish eggs and larvae. Material is also col- 
lected for determination of the amount of micro- 


scopic plant life. 


Previous Investigations 


The Bureau of Marine Fisheries of the Califor- 
nia Division of Fish and Game has been investigat- 
ing the resource for nearly a third of a century. 
Within this period this agency has followed its 
growth from its beginning as a major fishery 
during the first world war, through its period of 
rather uniform expansion until 1936-37, through 
the years of seeming stability, to the recent epoch 
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of reduced abundance. As a result, this s one o 
the better-documented fisheries in the wo siq. 

The changes in the sardine populati: 
about by a rapidly increasing fishing pré 
been observed since 1918. It was appare 
ing the 1934-35 season that the catch per ypj. 
of-effort was decreasing, even though the total 
catch continued to rise and maintains 
level for ten years (Fig. 7). Despite 
ments in vessels and gear, which greatly 
the efficiency of exploitation, greater « 
being expended to catch equivalent am 
fish. 

The California Division of Fish and Game ha 
made many other important contributions, Prior 
to 1938 its scientists investigated sardine spawn. 
ing over much of its range off California and even 
off Lower California, and established that the 
area off southern California was an important 
spawning center. In cooperation with agencies in 
British Columbia and in the states of Washington 
and Oregon, they conducted a tagging program, 
which showed that individuals move from southern 
and central California to British Columbia and 
from the latter region to California. It was con- 
cluded from these and other studies that the fisher- 
ies from British Columbia to southern California, 
and even as far south as central Lower California, 
were exploiting the same stocks of fish. 

In 1938 the U. S. Fish and Wildlife Service set 
up the South Pacific Fishery Investigations, with 
headquarters at Stanford University, for the pur 


ought 
re have 


follow. 


a high 
nprove. 
nereased 
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pose of augmenting research on this rapidly grow- 
ing fishery. This group focused its attention on 
the problem of age determination in sardines and 
on the success of recruitment in relation to ocean- 
ographic conditions. Criteria were developed b) 
which the annual marks on scales and _ otoliths 





Fic. 2. The Black Douglas, research vessel of the Sout 
Pacific Fishery Investigations, U. S. Fish and Wildl! 
Service, employed in recruitment and oceanographic 
search of the Cooperative Sardine Research Progral 
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Fic. 3. The Horizon, left, and Crest, right, of the Scripps Institution of Oceanography, University of California, 
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take part in the oceanographic and recruitment studies of the Cooperative Sardine Research Program. The Paolina 
T, center, has also been used in certain phases of the program. 


can be recognized, and thus the age composition 
of the catch determined rather accurately. The 
study of the age composition of the commercial 
catch soon developed into a cooperative project 
between the U. S. Fish and Wildlife Service and 
the California Division of Fish and Game and is 
now being carried on routinely, with the assistance 
of British Columbia and the states of Washington 
and Oregon. Undertaken as a cooperative program 
with the Scripps Institution of Oceanography, 
the recruitment study foreshadowed on a modest 
scale the research that forms so important a part of 
the current expanded program. Such cooperation 
characterizes much of the Pacific sardine research. 


Cause and Effect 

Most of the fish in the commercial sardine catch 
are from one to five years old. During the period 
since 1941, covered by routine age analysis, only 
about 4 per cent of the fish have been six years 
of age or older. The age composition of the catch 
in California waters changes with the season, the 
fall fishery taking mainly young fish and the aver- 
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age age increasing as the fishing season progresses. 
The average age of fish taken in the several fishing 
ports also increases from San Pedro to British Co- 
lumbia. In the Pacific Northwest, fish have been 


available in quantity only during the summer 


months, whereas off California sardines are 
taken commerciaily from August through Febru- 
ary. These facts have been interpreted as indicat- 
ing that the fish move northward each summer and 
return in the fall and winter, the older fish reach- 
ing higher latitudes. The seasonal changes have 
not been as marked in recent years as formerly, 
mainly because the proportion of older fish in 
the population has been considerably reduced (Fig. 
8). Before the recent decrease in landings, about 
60 per cent of the catch in numbers was made up 
of fish three or more years of age, but since 1946 
these ages have contributed only about 33 per cent 
of the total. In California waters fish of one or two 
years of age have become the chief support of the 
fishery, whereas in the Northwest the change in 
age composition in conjunction with a decline in 
abundance has led to the collapse of the fishery. 
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Fic. 4. Pattern of hydrographic stations off the west coast of North America. Most of the stations shown 
occupied at monthly intervals by the vessels of the Cooperative Sardine Research Program. 
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Fic. 5. Nansen bottle attached to the wire preparatory 
to making a hydrographic cast. A series of 15 such bottles 

ised at each station to measure temperature and to 
llect water samples for determining salinity, oxygen, 
| phosphate content at appropriate depths from the 
surface to 1,200 meters. 


As pointed out previously, the Pacific coast sar- 
dine fishery has passed through three phases: a 
twenty-year period of rapid growth, a decade of 
fairly constant yield at a high level, and a sudden 
and alarming decline amounting almost to collapse 
in all fishing ports except San Pedro. That the 
peak season of 1936-37 was followed by a succes- 
sion of fruitful years of fishing was due largely to a 
succession of good spawning seasons, climaxed by 
the influx of an unusually large year class spawned 

959. Had it not been for these successful year 
lasses, the collapse might have come much sooner. 

m the other hand, continued spawning success 
might have considerably delayed the collapse or 
prevented it entirely. In addition, the decline in 
landings was accentuated by poor survival of the 
dult fish, or by a change in availability. 

It is characteristic of pelagic-spawning species 
uch as the sardine that the survival of young from 

season’s spawning varies greatly from year to 

ear. Those that survive in a very favorable year 
ontribute many more times the number of fish to 

he commercial catch than do the recruits from a 

oor year. During the early years of the fishery 
hese variations in recruitment, although recog- 
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nized by the biologists, were hardly obvious to the 
fishermen, because the fluctuations were hidden by 
the presence of relatively large stocks of older 
fish. Concurrently with increased fishing pres- 
sure—and in the opinion of many because of this 
pressure—this buffer was effectively reduced. 

If the causes underlying the variations in sur- 
vival of recruits from year to year can be detected, 
the success of each year class may be determined 
a year or two in advance of its entry into the fish- 
ery. The value of such information to the industry 
is recognized. The hope that such predictions could 
be made was a dominant factor in prompting the 
industry and the legislature to provide funds for 
expanding the research. 

Objective of the Expanded Program 

The main objective of the expanded sardine 
research program is to understand the sardine in 
relation to its physical and chemical environment, 
its food supply, its predators, and its competitors, 
and to evaluate such findings in terms of the sur- 
vival of young and in terms of the distribution and 
availability of the sardines when they reach com- 


mercial size. 
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Fic. 6. Bringing the plankton net on board at com- 
pletion of a haul. These nets, of fine-meshed silk, are 
provided with a meter in the mouth to measure the 
amount of water strained. They capture eggs and larvae 
of the sardine and of many other fish, in addition to 
providing a sample of the small organisms on which the 
sardine feeds. 
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Environmental relationships. Fluctuations in the 
sardine supply cannot be understood clearly with- 
out considering the interrelationships between the 
species and the physical, chemical, and biological 
conditions under which it lives. It is the task of 
the physical oceanographers in the program to pro- 
vide data that will lead to a better understanding 
of the oceanic circulation off the Pacific coast of 
North America. Of particular importance is the 
necessity of measuring and recording seasonal and 
annual fluctuations in the horizontal and vertical 
circulation patterns. Both types of circulation may 
have significant effects on the distribution, sur- 
vival, and availability of young and adult fish. The 
factors that control the vertical circulation are of 
particular interest in that they provide the mech- 
anism by which the nutrient-rich subsurface wa- 
ters, characterized by low temperature and high 
salinity, upwell into and fertilize the upper layers 
where plant growth takes place. Marine plants, 
the basic food producers of the sea, are confined 
to a surface layer seldom deeper than 300 feet, the 
depth of effective light penetration. The plants 
utilize certain essential chemical raw materials, 
such as nitrates and phosphates, that must be re- 
plenished constantly, or productivity will be low. 
It is now known that the duration and intensity of 
upwelling vary considerably from year to year 
and from place to place. An understanding of these 
variations may provide a clue to the distribution 
and success of year classes of sardines. 

Survival and recruitment. Much of the research 
being conducted cooperatively by the Scripps In- 
stitution and the Fish and Wildlife Service is 
directed toward determining the causes underlying 
the success or failure of year broods of sardines. It 
is well established that survival varies considerably 
from year to year, for there appears to be no very 
consistent relation between the size of the spawn- 
ing population and the number of recruits that it 
provides for the commercial fishery. The factors 
that effectively influence the survival of a year’s 
brood of young are diverse and complicated. On 
hatching, the young sardine carries with it from 
the egg a supply of yolk that lasts only a few days. 
Before this food supply is exhausted, the tiny 
threadlike larvae, not much more than a sixth of 
an inch long, require, lest they perish, a supply of 
suitable food near at hand. This food must be 
small and must be present in quantity in the right 
place and at the right time, for the larvae have 
small mouths and are not active swimmers (Fig. 9). 
During the larval period they are subject to preda- 
tion and competition from many sources, and per- 
haps also to epidemic disease. It it presumed that 
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Fic. 7. Annual sardine landings in thousand 
for the entire Pacific coast, illustrating the ear] 
sion and recent decline of the fishery. The ave: 
per unit-of-effort is shown from 1933 to date 


during these early stages the greatest mortalitie 
occur. 

There is some evidence that the area of spawn. 
ing may vary considerably from year to year and 
that these annual variations have a bearing on the 
success of spawning. Although a large proportior 
of the eggs are deposited in two major regions off 
the coasts of southern California and central Lows 
California, in certain years highly successful 
spawnings may take place elsewhere. In the ear\ 
summer of 1939, for example, unusual number 
of nearly ripe sardines were taken in the fishery 
off Washington, and in the spring and summ 
of 1940 tremendous concentrations of young sar 
dines of the large 1939 year class were observe 
in the waters of British Columbia and Washington 
It is possible that young of this year brood wer 
more abundant in the waters of the Pacific North 
west than in the usual nursery grounds off south 
ern and Lower California. The success of 1! 
1939 year class may, therefore, have resulted fron 
an unusually wide distribution of spawning. Un 
der such conditions the chances for survival 
young fish should be greatly increased, for a mut! 
greater bulk of food would be available over th 
larger spawning area, and the chances would } 
greater that some groups of larvae would en 
counter particularly favorable conditions 

In order that the population be maintained at 
constant level of abundance, only two 
resulting from the spawning of each fem 


Cl 


» ner 


I 
} 
ile 


survive to spawning age. A female sardine spaw" 
about 100,000 eggs per season, and her total pr 
duction may amount to several hundred thous! 
eggs. Assuming that the number of eggs product 
by a female during her life span is 200,000 and thd 
two fish resulting from her spawning reached com 
mercial size, the resulting mortality from egg ' 
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00 per cent, thus doubling the popula- 
the total mortality would be reduced by only 


1001 per cent. In this connection it is possible that 
she oceanographic studies will provide informa- 
“on on variations in currents and in the physical 
* chemical properties of the ocean waters that 
mav be correlated with the varying production of 
kardines 

The problem of availability. Adult sardines are 


more available to the fishery during some years 
than in others. This source of fluctuation in the 
mmercial catch is being investigated by the 
alifornia Division of Fish and Game. The prob- 
em is basically one of sardine distribution in rela- 
on to physical, chemical, and biological oceano- 
raphic conditions. Schools located by echo-ranging 
und echo-sounding are sampled to determine the 
ize and age-composition of the species present. In 
,ddition, oceanographic observations are made and 

Jankton hauls taken for comparison with the 
tomach contents of the fish. These observations 
it into the larger framework of the cooperative re- 
earch at sea. 

Predicting the strength of year classes. The 
trength of a year class probably can be measured 
tf any stage following larval development, al- 
hough not with equal facility during the younger 
tages. In the past a reliable measure has been pos- 
ible only after the year class has entered the com- 
nercial fishery. Since this method has limited 
redictive value, it is important that estimates be 
nade in advance of recruitment into the commer- 
ial stocks. The problem is being given considerable 
tention in the research program. Two methods of 
sumating the abundance of young sardines are 
eing investigated. The first, employing quantita- 
we plankton-collecting procedures, will provide a 
asure Of abundance and mortality during the 
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Fic. 9. Stages in the development of the egg and the 
larva of the Pacific sardine. The egg is approximately 1.7 
millimeters in diameter. The two larval stages are about 
10 and 25 millimeters long, respectively. 


early stages when the young fish are randomly dis- 
tributed. The second, based on surveys on the nurs- 
ery grounds, will provide an estimate of relative 
abundance of schooling young four to six months 
old. Several other lines of investigation may pro- 
vide data for forecasting the strength of year 
classes. Physical and chemical observations may 
be found to fit patterns that vary in the same way 
as year-class strength. For example, there may be 
a direct correlation between intensity of upwelling 
and year-class strength, for which presumptive 
evidence has been found in the annual variation of 
salinities off the coast. 


Recent Developments 


Some important results have already been ob- 
tained. It has been confirmed that sardine spawn- 
ing takes place in water of rather specific tem- 
peratures, almost entirely within the narrow limits 
13°-16° C. The importance of the southern Cali- 
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fornia region as a spawning area has been re- 
emphasized, and further information has been 
gained on a second region of possibly even greater 
importance, lying to the south of Cedros Island 
off Lower California. 

The surveys are yielding valuable information 
on the distribution, abundance, and life history of 
many species of fish. Much of this information 
should be of value to the sardine industry in in- 
dicating latent marine resources capable of being 
exploited in the lean years. Since there is a limit 
to the total amount of protein food that the ocean 
can produce, decrease in abundance of one species 
may be accompanied by proportional increases in 
others. If this be so, we cannot take full advan- 
tage of our fishery resource as long as we exploit 
only a part of it by concentrating on certain species. 
Consequently, the fuller utilization of such under- 
exploited fishes as anchovy, saury, and jack mack- 
erel should be encouraged. Major expansion of 
these fisheries should be accompanied by adequate 
biological studies. The information being gathered 
in the present surveys would be of considerable 


value in planning the research program and would 
contribute to the solution of the problems involved. 

A development that will have far-reaching im- 
plications in oceanographic fisheries research has 


been made in the estimation of ocean currents. A 
method has recently been perfected by means of 
which the effect of rhythmic variations in density, 
apparently associated with tide-producing forces, 
may be eliminated from the determinations. Charts 


of current patterns, formerly charact 
complicated series of eddies, thereby 
considerably simplified. 

The requirements of the cooperative 
have stimulated the development of man 
improved types of oceanographic equipn 
standing is the high-speed plankton samy 
vice that can be operated at top cruising $1 
that gives a continuous record of both « 
the amount of water strained. To carry t} 
ment down and to maintain the desired « 
especially designed bronze depressor is « 
These and other devclopments have exci 
siderable interest among scientists in mam 


The Pacific sardine is not disappeari: 
populations, whether exploited commerci 
not, are subject to rather wide fluctuat 
abundance. The decline in sardine abundar 
seems to have been due to a succession 
spawning seasons coincident with a change in 1 
availability or an increase in the natural mortalit 
of adults. ‘The European pilchard and the Japanes 
sardine fisheries have suffered similar declines 
abundance. The catch of Pacific sardines duri 
the current fishing season may reach 350,000 tons 
indicating that a substantial recovery is taking 


place. 


ILLUSTRATIONS: Fig. 1, Leo Pinkas; Fig. 2, Orthe 
L. Wallis; Figs. 3, 5, and 6, John MacFall; Figs 
and 8, drawn by Margaret Calderwood; Fig. 9, draw: 
Janet Roemhild. 
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Reality? A lizard on a fence 
Pants in the sun; the split pine-rail drips gum; 
Over his beady eye the sky’s immense. 


Reality is here, throbbing and dumb. 


Upon which actual scene our words intrude, 
Speaking of hormones or the meddling State: 
A tragic or a comic interlude. 

The lizard in the great sun waits, will wait, 


Ambassador of life base as our blood 
Baser, since all his heat’s the sun’s direct. 
Reality? We’ve never understood, 
Although we talk, cry havoc, and suspect. 


HarRo_p GRIER McGurpy 
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Modern Statistical Science and 
its Function in Educational 
and Psychological Research 


PALMER O. JOHNSON 


Palmer O. Johnson, whose teaching fields are statistics and research methods 
for graduate students, is professor of educational psychology at the Universit) 
of Minnesota. His background training was in mathematics and in the physical 
and biological sciences. He took his Ph.D. in 1928 at Minnesota and in 1934-35 
was a volunteer worker with R. A. Fisher at the Galton Laboratory. His re- 
search fields are statistical methods and experimental design, with particular 
reference to education and psychology. His article is based on the vice-presi- 
dential address delivered before Sections I and Q at the 1950 AAAS meeting. 


The nature of modern statistical science. There 
was a time when statistics as a tool in experimenta- 
tion was almost completely ignored by the experi- 
menter; in fact, it was regarded as “introducing 


unnecessary confusion into otherwise plain issues.” 
[his position, although still persisting in some 
juarters, gave way to that where the statistician 
was called upon to examine the findings of experi- 
ments after they had been carried out. He was 
asked to determine from the data presented to him 
ertain average values and their “probable errors” 


considered as connected to the averages obtained. 
[his was essentially the conception of the role of a 
‘tatistician at the time R. A. Fisher was appointed 
‘tatistician at the Rothamsted Experimental Sta- 
tion in 1919. It is significant that the need for a 
‘tatistician was first recognized about seventy-five 
years after the experimental station had been 
‘ounded (in 1843) by Lawes and Gilbert. It is also 
highly significant that someone of the scientific 
genius of Fisher was appointed to this position. 
For Fisher was not willing to do only what he was 
told to do. He recognized that in order to analyze 
observational data it was necessary to know the 
onditions under which they were collected or, 
rather, that the statistician devise the plan for their 
collection. This led to the formation of certain 
principles of experimental design, including the 
golden rule that statistics must be brought into play 
n the advance planning stage of investigations. In 
the latest development in sequential analysis, sta- 
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tistical considerations enter into the actual process 
of experimentation itself. The method, applied 
first for military and industrial purposes in World 
War II, is applicable when replications can be 
processed one at a time. Briefly, the procedure is to 
use the accumulative information from each rep- 
licate to end the experiment just as soon as the 
findings are decisive. 

The three principles of experimentation—repli- 
cation, randomization, and control of variability 
have stood the test of time and are having increas- 
ing applications in the experimental sciences. Fisher 
developed simultaneously the technique of the 
analysis of variance, which supplies the appropriate 
method of estimating the experimental error and 
carrying out exact tests of significance. In this con- 
nection it is fitting to point out the contribution 
of “Student” to the refinement of the classical 
theory of errors. Student showed how, by determin- 
ing the exact sampling distribution of a statistic, 
allowance could be made for its sampling errors 
He thus inaugurated what are known as exact tests 
of significance. Furthermore, since these tests are 
based on the appropriate degrees of freedom, he 
removed the restriction that for rigorous conclu- 
sions the sample must be “large.” It is usually held 
that 1908, the year of Student’s classical publica- 
tion. on the probable error of “the mean,” is the 
beginning of modern statistical science.’ 

The principles and the technique of analysis de- 
veloped in experimentation have also played a 


385 


AA 


ft 


al 


fT" gen? 





dominant role in the development of modern sam- 
pling theory, leading to efficient sampling designs 
of censuses and surveys. 

The developments cited have been made possible 
by the great advances in the theory of statistical 
inference. Statistical methodology has become a 
particularized, but significant and _ well-defined, 
branch of scientific method. Among. significant 
branches of the subject of statistical inference are 
statistical estimation, tests of statistical hypotheses, 
and experimental and survey designs. 

In this article we shall emphasize directly and by 
implication the use and potentiality of medern 
statistical science in the design and analysis of ed- 
ucational and psychological investigations. We are 
interested not only in the strictly applied function, 
such as in educational experimentation that aims 
at recommendations for educational practice, but 
also in the formulation of educational or psycho- 
logical laws or principles that transcend the merely 
descriptive aspects of observable processes. ‘These 
principles serve to summarize the workings of the 
educational processes and in so doing may give 
new insight into the processes themselves. 

With such a comprehensive subject and within 
our justifiably limited space, we can discuss only 
a small and probably biased sample of its content. 
The population is stratified into three areas, which 
we shall call design of experiments, sampling theory 
and practice, and techniques for analysis of data. 


The Design of Experiments 


Statistics as scientific method. Scientific method 
is common to all the sciences. Statistics as a branch 
of the scientific method provides the doctrine of the 
planning of experiments and collection of other 
types of observations, and of interpreting their con- 
sequences. This common relation to all sciences is 
strengthened in that statistics furnishes a common 
methodological basis of understanding, namely, 
the derivation of the best infallible inference which 
the experiment or other observational data possess 
with respect to the theory or hypothesis under ex- 
amination. This means that statistics is concerned 
with the central problem of any scientific investi- 
gation. Further, the extent of agreement between 
experimental data and the assumptions is among 
the objective factors that govern the acceptance 
of solutions proposed for scientific problems. In 
this determination statistical procedures play a 
prominent part. 

The broad problem of statistical inference is the 
determination of the uncertainty of conclusions 
drawn from experimental or observational data. 
The theory of probability is basic in the attack 


upon this problem, by providing probabil 
ments concerning the correctness of the cor 
drawn. The theory of statistics includes ot 
tent besides the theory of probability, suc! 
principles of estimation, the theoretical e| 
the randomization principle, and the prin: 
testing statistical hypotheses. 

In contrast to the theory of statistics the 
practice of statistics. ‘The number of tools an 
niques being placed at the disposal of the r 
worker is continually increasing. As scienti! 
search develops, experiments become more « 
cated and the statistical tools more compl 
specialized. The mathematical statistician 
with a particular experimental problem 
some sort of model representing those feature 
reality considered most essential. In his choice oj 
procedures he has recourse to the principles of th 
theory of statistics. He has the responsibility oj 
making clear to the practitioner the assumptions 
underlying the valid use of the model and the sta- 
tistical tools required for testing their fulfillment 
with the view of their appropriate application i1 
the situation at hand. 

The theory of design of experiments aims at th 
establishment of principles for collecting the pr- 
mary data such that valid inferences may be draw: 
from them and for extracting the maximun 
amount of information contained in the data in the 
most efficient manner. Before considering this 
problem we shall present certain transitions in con- 
cepts concerning experimentation as a means o! 
adding to our scientific knowledge. 

Transitions in scientific models. Nineteenth-cen- 
tury scientists worked on the principle that, pro- 
ceeding step by step, it is possible to isolate system: 
and processes. The physicist regarded his laboratory 
as an isolated system, at least for ordinary accuracy 
By abstraction the laboratory became the pla 
for the isolation of causal processes by controlling 
the state of the environment. The uncontrollabl 
nuisance variables, with all their uncertainties. 
which did not lend themselves to control an¢ 
quantification, were eliminated by the device 0! 
abstraction. The assumption that abstraction anc 
isolation of the problem are necessary conditions 
of the scientific method of experiment can ni 
longer be regarded as axiomatic. The experimenta 
method as developed in physics and chemistry 
proved to be effective in meeting the needs of th 
day, although the number of variables to be con- 
trolled is found to be continuously increasing as th’ 
complexity of matter becomes more and more ap- 
parent. Abstraction is difficult enough in the phys 
ical sciences, but it is almost totally ineffective 1 
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if the behavior of living organisms. The 
ganism is primarily adaptive, and responses 
bsequent responsiveness; hence the prob- 
confounded by the organism and its en- 
nt. If the organism is taken out of its set- 
o the laboratory, the problem is ruptured. 
hese venerable antecedents, the laboratory 
» be accepted as the phase of science that 
for control. Its primary purpose was to ar- 
circumstances such that data could be col- 
undisturbed by unknown factors of any sub- 
ial size. With this dominance of the laboratory 
techniques of control, the conclusion was 


drawn that the laboratory was a necessary condi- 


tion for controlled experimentation. This belief in 
the laboratory led the physicist to set up his methods 
of investigation as the model for scientific investiga- 
tion. As we shall point out later, the biologist turned 
to this model in the attempt to apply the experi- 
mental method to the solution of his problems. 

With the developments in methods of control 
during the past twenty-five years, the older con- 
ception of the laboratory as the sine qua non of 
the experimental method has been severely chal- 
lenged. This transition is based on an unwillingness 
to accept as obvious the idea that laboratory tech- 
niques are either sufficient for securing answers to 
critical questions or necessary for securing reliable 
data on a specified scientific question.? In recent 
years the standard laboratory has been particularly 
attacked by technology because laboratory tests 
are carried out under such arbitrary and special- 
zed conditions that the information provided by 
them cannot be used for making valid predictions 
of field conditions. The proponents of the labora- 
tory reply that the conditions of service are not all 
known and not known precisely enough to make 
accurate predictions. Consequently, service con- 
ditions are just as highly specialized as those in the 
laboratory. 

It remained for the development of experimental 
designs based on appropriate statistical theory, and 
idvancing research in methodology, to show how 
the controversy between the laboratory test and 
the “conditions-of-actual-service” test could be re- 
solved. Modern statistical science repudiated the 
assumption that in order to apply the experimental 
method it was necessary to keep all conditions 
the same with the exception of the experimental 
‘actor under study. It showed how through the ap- 
plication of the experimental principles, previously 
ndicated, an experimental problem can be in- 
vestigated when several variables are undergoing 
hange. Through the principles of design and the 
orrespondingly appropriate technique of the anal- 
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ysis of variance and covariance, it becomes pos- 
sible to vary as many factors as may be regarded 
as important and still draw exact inferences ap- 
plicable to “actual conditions.” 

The model for experimentation in physics. set 
forth by Galileo in his famous study of the funda- 
mental laws of falling bodies served as the only one 
for more than three hundred years. It served physics 
mechanical science advanced 


well. Newtonian 


enormously for more than two hundred _ years 


with hardly any changing concepts and evolving 
The 


passively accepted by the biologist, who followed 


conceptual schemes. Galilean model was 


the formula: Establish controlled conditions such 
that all factors except one can be held constant 
and then study the effects of this single factor. 
Mills’ canons were presumed to afford the criteria 
by which it could be determined whether there 
was a causal relation among specific phenomena. 

The history of science indicates that at times a 
scientific model once accepted may remain unchal- 
lenged for long intervals of time—long after it has 
fulfilled its original purpose. It may be recalled, for 
example, that Bayes’ theorem, which was the first 
inductive 


attempt to rationalize the 


reasoning, set down in 1763, was first seriously 


process ol 


criticized by Boole in 1854. Scientists are averse 
to abandoning a plan that may frequently lead to 
plausible conclusions, and above everything, fo1 
which they have no practical replacement. It 
remained for Fisher in the biological sciences to 
demonstrate that what was needed was no mere 
restatement of current procedures in experimenta- 
tion in more rigorous terms, but a fundamentally 
new approach to experimentation. It was not until 
1926 that modern principles of experimentation 
were laid down. 

Comprehension of the role of presuppositions is 
basic to an understanding of science. What can be 
answered and what must be presupposed in order 
to give answers are in a very real sense basic prob 
lems in scientific inquiry. Likewise in the case of the 
newer statistical techniques there are no general 
criteria specifying what variables are to be changed. 
nor operational criteria assuring no effect on the 
results of the noncontrolled or noncontrollable 
factors. These criteria are supplied by the meth- 
odological demand for a complete specification 
of conditions whereby the operations can provide 
adequate answers to the scientific problem. The 
research worker must thus translate his problem 
into questions precise enough so that the specific 
thei 
adequacy, and also general enough in his pre- 


observations may be evaluated relative to 


supppositions about the aspects of nature not 





actively controlled to enable him to decide if a 
continued sequence of observations would approach 
some limiting value. The experiment is said to be 
“controlled” in a formal sense if the preceding 
formal conditions are satisfied. It may be stated 
that only a beginning has been made in the specifi- 
cation of formal presuppositions, but that the 
existence of such controls for the process of dis- 
covery to become scientific holds equally true 
whether the experiment occurs inside or outside 
a laboratory.” 

The advances in the design and analysis of 
scientific experiment are of special significance in 
the social sciences, where it may be difficult or im- 
possible to set up a “social laboratory.” In the fields 
of psychology and education the possibilities of 
evaluating the complex problems encountered in 
their more natural setting offer new promise to 
research in these fields. The point is, not that the 
laboratory experiments should be abandoned, but 
that they in turn will take on new significance in 
identifying factors sufficiently promising to be 
combined in more comprehensive experiments de- 
signed to permit ecological as well as populational 
generalizations. 

The limits of the generalizability of experimental 
evidence provide an excellent basis for comparing 
the traditional, or “classical,” experiment and the 
modern multivariate experiment. The classical 
type of experiment traditionally employs one value, 
with some tendency recently to employ only a few 
carefully selected values of the stimulus variable. 
At times the subjects of the experiment may be 
chosen as representative of a well-defined popula- 
tion. Here there may, therefore, be populational 
generality, with minimum statements of the form, 
restricted to “specific conditions.” The desideratum 
of the modern experimental design is that of ob- 
taining in addition to a sample of subjects chosen 
to be representative of the population a sample 
of stimulus situations that may be regarded as 
ecologically representative.* 

Modern designs of experiments are particularly 
appropriate in large-scale cooperative experiments 
in education. By caordinating the researches of 
several different investigators in representative 
samples of schools, it becomes possible to obtain 
not only information on the individual investiga- 
tions but also the additional knowledge resulting 
from the combination. The application of modern 
designs leads to detection of the genuineness of 
discrepant results obtained at different places, or at 
different times, and thus to recognition of the 
limitations of generalizations that might other- 
wise be accepted uncritically. 
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We turn now to a discussion of certain 
of experiments, with illustrations of their - 
tions. 

Experimental principles. The term “expe: 
generally refers to two kinds of experimenta! prob. 
lems: (1) a search for what are presumed jo be 
absolute constants—e.g., the determination the 
velocity of light—and (2) the comparative exper}. 
ment, which consists of the application and com. 
parison of differential treatments or various tech. 
nical procedures. It is the latter type we shall con. 
sider here. 

The purpose of the experiment may be used a 
a distinguishable characteristic. An experiment may 
be needed to make an immediate administrative 
decision, which must be made no matter how ip. 
definite the result of the experiment may be. Fo; 
such a purpose, the individual responsible fo 
making the decision designs the best experiment 
he can and makes the decision he thinks best. He is 
not, or at least supposes that he is not, interested 
in whether the design of his experiment may lead 
to decisions that are correct in the long run. On 
the other hand, an experiment may have as its 
purpose the advancement of scientific knowledge, 
no immediate action being under consideration 
other than the possible projection of future experi- 
ments. It is experiments that have this latter pur- 
pose that we have in mind here. The process of 
adding to scientific knowledge by experiment con- 
sists in the repetition of the following sequence of 
events: 

. The critical examination of theories on the basis of 

available evidence. 
. The formulation of hypotheses that are testable o1 
appropriate for testing by experimentation. 

3. The carrying out or execution of experiments 

The experiment can eventuate in giving answers 
to questions of the “yes” or “no” type by means 
of tests of significance, and of the type calling fo 
values or estimates of specified unknown popula- 
tional parameters. The planning of experiments 
involves the following: 

1. The statement of the purpose of the investigation, 
which may be given in the form of the questions whose 
answers are sought, of the hypotheses under test, or of the 
effects to be estimated. A specification of the population 
for which the conclusions apply should be indicated. 

2. The description of the experiment, including such 
salient features as the selection and specification of th’ 
treatments, the accuracy of the measurements, the selec: 
tion of the experimental units, the designation of the 
general conditions underlying the experimental test, an¢ 
the specific experimental design to be used. 

3. A description of the method proposed for drawins 
conclusions from the experimental results. This could we! 


include an outline of the analysis of variance, the indica 
tion of the tabular form for presenting the results, 40 
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if the tests of significance proposed, and the treat- 
ferences to be estimated. This provides a verifica- 
the treatment comparisons regarded as relevant to 
ified purposes of the experiment. The possible out- 

the experiment should be anticipated, and the 
nding conclusions formulated prior to the carry- 
of the experiment. This is essential if any in- 
drawn from the experimental observations is to 
yorted by a fiducial probability statement. Appar- 
snificant but unanticipated inferences can only be 
suggesting later experiments.4 


experiment must be designed such that its 


iterpretation is based on its own evidence. A pri- 


mary requisite of such an experiment, a self-con- 
tained experiment, is the necessity of providing 
its own control; that is, the need of basing all con- 
clusions with reference to the differential effect 
of two or more contrasting treatments on the dif- 
ferences in the response or reaction of two or more 
similar bodies of experimental material. Experi- 
ments become comparative and not merely ab- 
solute, through the effective use of controls. The 
rationale underlying the use of controls is that 
they are used to exclude, at a designated proba- 
blity level, a number of alternative admissible in- 
terpretations of the experimental results—possi- 
bilities that individually and collectively have an 
unknown probability of having occurred. The 
scond requirement of a self-contained experiment 
is that it must provide a valid estimate of the ex- 
perimental errors that really influence the com- 
parisons made. Only when the experiment makes 
possible this estimate can tests of significance be 
applied to the experimental results—tests that are 
disconnected from all past experience and _ there- 
fore capable of adding new knowledge. 

The first requirement of an experiment planned 
so that a valid test of significance can be used in the 
nterpretation of experimental results is replication, 
which is needed not only to estimate, but also to 
reduce, error. 

There must be an element of randomization in 
an experiment, since an experiment is performed 
to test a hypothesis, or to estimate a parameter or 
i set of parameters. The hypothesis adopted is 
supported by odds based on a calculation assuming 
‘random sampling. So, also, the estimation of the 
parameter by a confidence interval is based on the 
assumption of randomness. Randomization, along 
with replication, ensures that the error estimates 
are valid and that the estimates of treatment means 
are unbiased. Randomization makes it possible for 
the results of the experiment to be presented as 
bjectively as possible, so that the number of as- 
‘umptions and judgments required in interpreta- 
tion is reduced to a minimum. This principle of 
fisher’s is unique to modern experimentation. 
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In summary, controls, replications, and random- 
ization are the essential principles basic to a self- 
contained experiment.” ® 

The role of the analysis of variance. The intro- 
duction of the analysis-of-variance technique by 
Fisher provides a convenient arithmetical pro- 
cedure for pooling estimates of errors from dif- 
ferent treatments and simultaneously for eliminat- 
ing the variation due to blocks or to other features 
of the experimental arrangement. 

In the mathematical model underlying the formal 
analysis of many experimental results, each ob- 
servation may be represented as the sum of four 
components attributable, respectively, to the gen- 
eral mean, the effect of the treatment, certain 
environmental effects which the design of the ex- 
periment makes it possible to isolate, and the re- 
sidual effect, or experimental error. In the same 
manner the analysis of variance partitions the 
sum of squares of the observations into four sums 
of squares corresponding to the four components 
listed above. Briefly, the analysis of variance fur- 
nishes a short-cut way of obtaining the error sum 
of squares. The sum of squares for treatments is 
required for the F-test of the null hypothesis that 
there are no differences between the effects of the 
treatments. The analysis may be extended to pro- 
vide the sums of squares needed in testing differen- 
tial effects of a subgroup of treatments. Finally, 
the component attributable to environmental ef- 
fects may be used to estimate the increase in ac- 
curacy of the experiment brought about by the 
removal of these effects from the treatment means 
The division of the total number of degrees of 
freedom, the independent comparisons, correspond- 
ing to each of the component sum of squares cal- 
culated, show the logical structure of the experi- 
ment. 

We may now go from the principles of experi- 
mental design and the appropriate statistical anal- 
ysis to certain specific experimental designs, with 
some examples. 

Specific experimental designs. In planning ex- 
periments one proceeds in accordance with the 
principles to fit a specific design to a projected ex- 
periment. ‘There are no general rules leading to the 
selection of designs. Each experimental situation 
presents its own problems. A practical working 
principle is to use the simplest design best meeting 
the needs of the experiment. This does not exclude 
the use of complex designs when these best serve 
the experimental purpose. Mathematicians, at least 
since the time of Euler, have shown interest in com- 
binatorial problems dealing with the arrangement 
of a finite number of things in sets, or patterns, 
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satisfying specified conditions. It remained, how- 
ever, for R. A. Fisher to show how to put these con- 
figurations to work. 

The primary aim of the experimental design is 
to minimize experimental errors. Numerous _pro- 
cedures have been developed over the past twenty- 
five years. In their recent book Experimental De- 
signs, Cochran and Cox describe 150 experimental 
designs.* Designs are classifiable into a few standard 
types. The newer developments in the field have 
mainly been specialized devices for specialized pur- 
poses, which do not depart in any fundamental way 
from the general principles of design as we have 
discussed them. We can describe only briefly here 
the main types of design. 

The basic idea underlying planned grouping of 
experimental material is rather simple. The sub- 
division of the experimental material into rela- 
tively homogeneous series is fundamental, as is the 
principle that the process of subdivision can be 
advantageously duplicated. For example, take an 
experiment with a number of separate replications. 
With respect to any replicate, it should be noted 
that the experimental errors of the results from any 
replicate originate only from sources of variation 
affecting the experimental units within the repli- 
cate. Accordingly, the error of the difference be- 
tween two treatment means determined over a 
number of replicates must also originate entirely 
from the variations within the individual replica- 
tions. The fluctuations from one replicate to an- 
other do not go into the error component. In con- 
ducting an experiment, this elementary fact is used 
in attempting to control sources of variation affect- 
ing different units in the same replicate. The re- 
duction of differences among the replicates is not 
required. This specific design is known as random- 
ized blocks. In this design each treatment occurs 
equally frequently, more commonly once in each 
block, and the treatments are randomly allotted to 
the experimental units within the block. The term 
“block” refers to any group containing the re- 
quired number of experimental units. 

A simple example of this type of design, which 
at the same time brings out another striking ad- 
vantage of modern designs is one phase of a more 
comprehensive study by Burt and Lewis.’ This 
study was concerned with the relative merits of 
different methods of teaching backward readers. 
Four different methods of teaching the backward 
readers who had IQs between 79 and 83 and 
reading quotients between 61 and 73 were evalu- 
ated—alphabetic, kinesthetic, phonic, and visual. 
There were 48 experimental subjects, chosen at 
random from schools in which one of the teaching 
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methods had been predominant. The d; 
the teaching 
adopted in the remedial work (the “treat 


classified according to (1) 


and (2) the teaching method to which ¢! hild 
had previously been subjected in his ow laond 
“school” ). This cross-classification gives ah 
classes in all. There were three individual determj. 
nations in each subclass; caution in the desigy 
made it possible to evaluate the interaction betwee; 
remedial treatment and previous teaching :method 
used. Briefly (Table 1), a significant difference was 
found in the mean effects of the different remedia 
methods used. The interaction 
which means in this case that the results achiey 


was significant 


with any given remedial device depended on th 


1 
' 
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method by which the child had been origina 
taught. On the whole, a change in teaching pro- 


1\ 


cedure was more productive than renewed effort: 
with an old teaching method by which the chik 
had previously been taught. This provision in som 
types of experimental designs, making it possib! 
to measure interaction among factors, is a uniqu 
contribution. | 
The basic idea underlying planned grouping is 
carried forward to an additional stage in the Lati) 
square design. In the design, the treatments ar 
arranged diagrammatically so that each treatment 
occurs once in each row and once in each colum: 
of a rectangular array. The arrangement of th 
treatments is chosen at random from some class 
possible arrangements. The variations among thi 
groups of experimental units corresponding to th 
rows as well as those corresponding to the columns 
are eliminated from the experimental error. This 
design is particularly advantageous when the dis- 
tributing effects of two factors need to be elimi- 
nated from the experimental comparisons. 


TABLE 1 
ANALYSIS OF VARIANCE TABLE FOR EXPERIMEN 
RESULTS OF BurT AND LEwis’ SECOND 
EXPERIMENT ON REMEDIAL READING 


MEAN 
SQUARE 


SuMS OF 


SourcE OF VARIATION 4 
SQUARES 


Remedial treatment 880.1175 | 293.372 
Previous methods 

76.874 
84.991 
31.487 


230.6225 
764.9167 
1007.5733 


(schools ) 3 
Interaction 9 
Residual or error ; 32 


| 
Total 17 | 2883.2300 
* Significant at 1% level 
+ Significant at 5% level. 


This type of design may be illustrated ! 
simple experiment of Thompson,* evaluati: 
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methods of testing spelling ability—the 
multip! choice, the second dictation, the wrongly 
ord, the skeleton word. The pupils were 


le 
spell : . . Re 
nto four groups equal in spelling ability as 


divide 
determined by an initial dictation spelling test. 
here were also four lists of words of presumably 
equal spelling difficulty. ‘The arrangement was such 
that no group of pupils had the same spelling list 

ther group, and each list was used exactly 

(he scores were the number of words spelled 
wrongly in the initial spelling test but correctly in 
the “treatment test” (‘Table 2). A significant differ- 

was found to exist among the spelling tests. 
Any disturbing effects due to differences in spelling 
ability among groups of pupils and in spelling tests 
were eliminated from the experimental compari- 


Sons. 


TABLE 2 
ANALYSIS OF VARIANCE OF THE EXPERIMENTAL 
RESULTS ON THE STUDY OF DIFFERENT SPELLING 
Tests AS REPORTED BY THOMPSON 


SuMS OF MEAN 


SourcE OF VARIATION DF.) vec SQUARE 


Lists of words (rows) 3 | Bao 119.8 1.19 
Groups of pupils 


columns ) ‘ 74.5 24.8 t.07 


treatments ) : 1626.5 1542.6 15.26* 


606.5 101.1 
5667.0 


level. 


(The Greco-Latin square is an arrangement 
whereby the treatments are grouped into replicates 
n three different ways, with the result that the 
elects of three different sources of variation are 
equalized for all the treatments. Grant gives ex- 
amples of this design as applied in psychological 
experiments.” An example shows how three differ- 
nt distributing factors—variation in list difficulty 
eg., nonsense syllables), order or practice effect, 
ind consistent differences among subjects in 
memorizing ability—are eliminated from experi- 
mental error. 

lhe skeleton of the experimental design is shown 
by the division of the total number of degrees of 
lredom (127) as follows: 


SOURCE OF VARIATION 


|) Experimental condition (Latin letters 
Variation in list-difficulty (Greek letters 

}) Order of practice effect (columns 
Individual differences between Ss (rows 
trror 


otal 


The two methods—randomized blocks and Latin 
squares—form the chief foundation for the experi- 
ment. Other methods are elaborations on this prin- 
cipal foundation. 

One of the most important designs is the fac- 
torial. In this design all combinations of a set of 
factors are included in the experiment. The com- 
prehensive experiment involving all treatment 
comparisons may be laid out in randomized blocks 
or in a Latin square. The effects of the factors may 
or may not be independent. In case they are in- 
dependent, all the information is contained in the 
main effects. In dealing with factors that are inde- 
pendent, one procedure (the traditional alone) is 
to set up separate experiments each dealing with a 
single factor. An alternate procedure is to include 
all factors simultaneously in a factorial experiment. 
In contrasting the two methods, it may be said that 
factorial experiments will result in considerable 
saving of time and materials. This is because (1) 
when factors are independent the main effects 
alone give the total effect of variation in the factor, 
and (2) the main effect of each factor is estimated 
with the same precision as if the whole experiment 
had been devoted to a single factor alone. 

When factors are not independent, the simple 
effects of any factor will fluctuate, dependent upon 
which particular combination of the other factors 
is used. In such cases a series of separate experi- 
ments devoted to each of the factors could give no 
information at all on the interaction effect of 
factors. With the factorial experiment the effects of 
every factor are evaluated for every combination of 
other factors included in the experiment. Thus a 
great amount of information is obtainable both 
about the effects of the factors and of their inter- 
actions. Thus, in experiments where the purpose 
is to make recommendations applicable over a wide 
range of conditions, the factorial design may be 
especially advantageous, since it can lead to wider 
ecological generalizability of experimental  evi- 
dence. 

Solandt et al. describe a well-conducted experi- 
ment which illustrates the advantages of factorial 
design.'® This experiment was undertaken to de- 
termine the effect of variations in electrical stimu- 
lation on the reduction in atrophy of denervated 
muscle. The experiment tested the efficacy of fou 
types of electric current, four lengths of treatment 
periods per day, and three numbers of treatment 
periods per day in all combinations. Accordingly, 
tx 3, or 48 different treatment com- 


binations, in a single replication. The 25-cycle cur- 


there were 4 


rent produced consistently the best results, and the 
60-cycle current consistently the second-best. The 
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variation in the number of treatments given daily 
brought about significant variations in response, 
and the effectiveness increased with the number of 
treatments applied daily. No sensible differences in 
outcomes were found by varying the length of treat- 
ment. None of the interactions was found to be sig- 
nificant—e.g., the effect of a change in type of 
current was not dependent on the number of treat- 
ment periods or on the time interval of a treatment 
period. 

Johnson and Tsao carried out an investigation 
of educational development by the use of a fac- 
torial design.'' The experiment was planned so that 
supplementary data were collected and used to 
reduce the experimental errors by eliminating two 
sources of variation, not controlled by the design, 
through the technique of covariance analysis. ‘The 
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specific design was a 2x3x3x3 factorial type. 
The factors selected for study were the two sexes, 
three scholastic standings, three orders of indi- 
vidual educational development, and the three 
senior high-school grades. Mental age scores and 
initial test scores were the independent variables. 
The type of experimental design is that in which 
absolute replication is dispensed with and hidden 
replication is involved.* The highest order inter- 
action is employed as the basis of testing the sig- 
There 


were fourteen hypotheses tested in the experiment, 


nificance of the lower order interactions. 


four concerning main effects and ten concerning 
interaction effects. The criterion score used as a 
measure of the stage of educational development 
was based on a composite score made up of the 
scores on nine separate tests. The analysis led to 
the conclusion that only scholastic achievement and 
individual development were significantly related 
to total educational development when adjust- 
ments were made in the final measures of educa- 
tional development for variations in mental ability 
and initial educational status. The difference be- 
tween the adjusted mean development scores of the 
sexes was significant at the 5 per cent level. 

Many of the new developments in experimental 
design are connected with factorial design. The 
total number of treatment combinations increases 
rapidly with the introduction of additional factors, 
or of additional levels of a factor. With this increase 
it becomes increasingly difficult to secure homo- 
geneous replications for a randomized blocks de- 
sign. In this case, also, the Latin square requires 
usually an impracticable number of replications. As 
a consequence, the size of the experimental error 
per experimental unit increases. 

The device of confounding and the use of split 
plots for subsidiary treatments were early develop- 
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ments aimed at avoiding the increase in 
mental error. The fundamental principle . 

to the new developments is the construct 
“block” smaller than a complete replicati: | 
designs make possible the elimination of erro: {yoy 
the differences the blocks. Th 
reduction in size of the block is gained, howevye 


among smaller 
only at the expense of accuracy obtainable j; 
certain treatment comparisons. The discus 
the details of these designs cannot be taken u 
The interested reader is referred to the e» 
treatment by Cochran and Cox.‘ 

Sampling Theory and Practice 

The sweeping theoretical and technical advan 
leading to modern experimental designs produced 
a startling advance as well in the development o! 
sampling designs and techniques. 

Experiment and survey contrasted. Before taking 
up sampling developments we wish to distinguis| 
between the roles of experiment and survey in re- 
search. Both involve patterns by which observations 
are collected, but in experimental designs the ain 
is to estimate the effects of applied treatments 
whereas the objective in survey work is to estimat 
certain characteristics or parameters for a pal 
ticular, defined population. A clear differentiation 
should also be made between the kinds of conclu- 
sions that can be drawn with certainty and thos 
that are speculative. In surveys, when a relation- 
ship has been established and estimates made of it, 
no assertion of causality can be made. Thus in a 
nutrition survey, if it is found that the children o! 
large families are less well fed than children « 
families, the definite 
drawn that size of family is associated with mal- 


small conclusion can b 
nutrition, and estimates can be made of the degr 
that among children « 
families of different sizes. It cannot be concluded 
} 


of malnutrition exists 
however, that size of family is the cause of t 
malnutrition. This is the case, although the fact 
that the income per person is automatically less, 

a fixed total exists, would induce one to suspect a! 
underlying causal relationship.’ 

Under certain conditions the disturbance attrib- 
utable to clearly defined extraneous factors tha! 
may influence the estimates of the effects of oth 
factors may be removed by statistical methods ‘ 
analysis. However, there remain other undeter- 


mined, or perhaps unascertainable, factors that 


cannot be taken into account. Experiments 4! 
essential for determining causality. Surveys may | 
of great value, however, in circumstances that ¢ 
not yield to experimentation. They may also ser\ 


through preliminary work to identify factors w« 
experimenting with. 
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ng problems and principles. Quite the 
{amental problem in practical statistics is 
impling. The planning of sampling designs 
involved in two situations: experimental 
tions and survey studies, descriptive or 
analytical. In both situations the problem is that 
of securing accurate and representative samples of 
the population. Since the fundamental purpose of 
sampling is to obtain information about a popula- 
tion, the first matter of importance in either ex- 
perimental or survey investigations is to begin with 
a clear definition of what that population is. It 
follows that it is equally important to have a clear 
understanding of what is to be found out about 
the population. A specification of the population 
and the decision as to the precise purpose of the 
investigation usually determine certain parameters 
of the population to be estimated or certain hy- 
potheses to be tested. 

The problem of inductive inference is defined by 
the object of the experiment or the sampling sur- 
vey: to secure the answers to certain clearly de- 
fined questions. Since it is impossible or impracti- 
cable to investigate the entire population, the in- 
vestigator examines a small part of it. On the basis 
of the information provided by the sample, in- 
ferences are drawn for the whole population. We 
have previously pointed out the particularly diffi- 
cult but all-important sampling problem for the 
experimenter in education and psychology to secure 
samples populationally and ecologically repre- 
sentative, 

Turning our attention now more specifically to 
the sampling survey, we find that the statistician 
must concern himself with securing precision, and 
particularly with conditions affecting accuracy. 
The two aspects of the problem of estimating an 
unknown parameter of a specified population are: 


most ! 
that ol 
is USUE 
investi: 


1. The sample has already been drawn, and it is re- 
quired to find a function of the observations that is a best 
estimate of the parameter(s). 

2. The sample is not yet drawn, and the problem is to 
determine the number of observations to be drawn from 
the population and what method of sampling should be 
used. Involved also is the practical problem of selecting 
the method which will provide the desired degree of ac- 
curacy at minimum cost. 


Broadly speaking, there are three methods of 
sampling : 

|. Unrestricted random sampling, where each member 
of the population has an equal chance of being included 
inthe sample. The term “random” implies that all pos- 
‘ible samples of a given size have the same probability. 

¢. Stratified random sampling, where the population is 
‘ubdivided into a finite number of strata, and from each 
‘tratum are drawn a predetermined number of observa- 
tions by random sampling. 


June | 15] 


3. Purposive selection, where the individuals are se- 
lected in accordance with some control criterion. 

We see reflected here at least two principles of 
experimentation previously discussed: 

1. Arrangement of the materials into relatively homo- 
geneous strata, utilizing prior knowledge of the popula- 
tion, previous to drawing the sample. 

2. The principle of randomization: Randomness is the 
property of a sample that makes it possible to calculate 
the probability of error of the infetences drawn. The theory 
of probability cannot be applied to a sample that is not 
randomly taken, so that it is not possible to measure the 
degree of confidence to be placed in any inference drawn 
from a nonrandom sample. Deming’s discussion of prob- 
ability samples and judgment samples!* is informative. 


The statistician meets considerable and, at times, 
unpredictable difficulties in sampling human popu- 
lations, particularly with respect to the condition 
of randomness. 

The introduction of the principles of randomiza- 
tion and of the analysis of variance as the technique 
of analysis of sample observations has made possible 
the attainment of unbiased estimates of the quan- 
tities under survey and of determining the errors 
to which the estimates are subject. The analysis of 
variance, through making it possible to pool esti- 
mates of error and to separate components of 
error that are not homogeneous, has reduced to a 
relative few the number of independent sampling 
units required to be taken from each quantity of 
sampled material. This has made possible the use 
of relatively complicated sampling designs fre- 
quently involving samples in two or more stages. 

The method of purposive sampling was at one 
time used rather extensively in sample surveys. No 
rigorous rules of selection were specified, with the 
outcome that many purposively selected samples 
were found to be by no means equivalent to 
balanced random samples. The practice was to se- 
lect sampling units with values of the character 
near the mean. The variability of the known quan- 
titative characteristic, as well as of other charac- 
ters closely correlated with it, will clearly be con- 
siderably less than the real variability in the popu- 
lation. This again emphasizes the fact that ran- 
domization is necessary for trustworthiness. 

Sampling in educational and psychological re- 
search. Most workers in educational and _ psycho- 
logical research seem to remain completely in- 
different to these great fundamental advances in 
the theory and techniques of sampling. Marks has 
pointed out that it was difficult to find any study in 
psychological research that used sampling designs 
making possible the unbiased estimate of the 
amount of sampling error.'* He used the description 
of the sampling methods in the revision of the 
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Staniord-Binet Scale to show how the design could 
not give statistics with measurable standard errors.'° 
Mention may be made here of the minimum sam- 
pling unit in educational and psychological studies, 
which is often the class, grade, or some other group- 
ing. The technical sampling method used is that of 
cluster sampling. Cluster sampling almost always 
increases the sampling error as compared with un- 
restricted random sampling. This is due to sampling 


is to develop examinations reflecting the 

objectives of the field and to give them to 
sentative sampling of classes in the schools 
September and again in May. An intellig: 
is also administered. The cooperation of 1 
Board of Education has been excellent in 
out these studies, and almost complete sai 
turns have resulted. ‘Through some of the p 
of sampling and methods of analysis dis« 


previously existing groups of the population, which — this paper, it has been possible to identify 


practice involves a positive intraclass correlation of _ ber of factors significantly related to achic 


the variable under Since cluster 


sampling is an extremely valuable method in edu- 


For example, Anderson in the field of scie1 
able to identify a number of significant 
existing in the pupil, in the teacher, and 


investigation. 


cational and psychological research, it is necessary 
in using it to know the conditions and means by 
which statistical estimates and the measures of their 
sampling error may be accurately ascertained. 


teaching practices. The cooperating teachers kep 
log of their work and provided the reques 
formation concerning student and teacher 
There is often an urgent need in education to 
obtain information quickly on some current prob- Techniques for the Analysis of Data 


lem. Often a sampling study is definitely advan- a : 2 : 
; Finally, let us consider certain techniques for th 


analysis of data that are the product of moder 
statistical science. Our first consideration will b 
given to the development of methods of multi- 
variate analysis. It will not be possible to include in 


tageous over a complete count because of its re- 
duced cost and greater speed. It may also actually 
give more accurate results than a practicable com- 
plete enumeration. Also, the characteristics of the 
population under study may change over the longe1 ’ pO Saas : ; ' 
Bonk i AOI, this brief résumé a discussion of the methods oi 
interval of time required for complete count, proc- — - ate ; 
we 3 factor analysis as statistical procedures often used 
essing, and publishing the survey results. Sometimes, — . : 
in attempts to solve problems in psychology. 
Multivariate analysis. Vhe 


variate analysis have been found useful in a variet 


of course, it may be difficult or impossible to sample ; 
, methods of multi- 


the population concerning which information is 


sought. Thus, in sampling voters’ opinions as a 


of problems occurring in biological, psychological. 


basis for predicting election results, the population 
to be sampled is the population of opinions of 
voters at the time they go to the polls. Since the 


+ 


and economic research. The ordering of things int 
classes is basic to empirical science. The general 
problem of classification is a discrimination prob- 


sample must be obtained at least several days be- Ler 
, linear discriminat 


lem. Fisher first introduced 
functions in 1936 in his paper “The Use of Mul 


Problems.”’'* 


fore the election day, it is possible to sample only ces 
the population of opinions of intending voters ‘ers ; is 

i : : em oe Measurements in ‘Taxonomic 
sometime before election. The opinions, and the 


Suppose that nm, random individuals of on 


intention to vote, are both subject to change with- ; 
: species have been measured on each of k charac- 


out notice. 


; 
t| 


teristics and that n. random individuals of anot 


An example of a sample survey study to obtain cs : "4 
. species have been similarly measured. What linea 


information in a short time is the investigation by 
Cornell.'® 
possible after the fall opening concerning the en- 


combination of these measurements would dis 
criminate best the members of one species [rol 
those of the other? What linear function, 


T=)1X1+ 12X24 McXk, 


Information was needed as soon as 
rollment of students in six major classes of higher 
educational institutions. Cornell applied — the 
method of stratified random sampling, determining would serve to identify the species to which eat! 
single individual belongs? The discriminant tu! 

tion I is based on the mathematical principle tha 
the coefficients A;, i = 1, 2,...k, be determined suc! 


t ti 


that in an analysis of variance of J the ratio o! 


the number of sampling elements to be randomly 
taken from each stratum on the basis of the prod- 
uct of the size and the standard deviation of the 
stratum. 

The writer has had several Ph.D. theses carried sum of squares between species (groups 
that 
sampling procedures in conducting analytical sur- 


out under his direction have used modern sum of squares within species (groups) is a max 
mum. Then quite simple mathematical calculatio™ 
veys of the achievement of students in various high- provide the numerical values of the As required 


school subjects. Roughly speaking, the procedure The need for such a function is also encot 
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nentation where several variables are 

xample, in growth experiments different 

ents of the experimental subjects may be 

a series of weeks. Here several con- 

variables are also measured and used in 

| sis of the experimental results. In the 

design of such experiments a first step is to specify 

vhich variables are to be considered as dependent 

and which as independent. Through the applica- 

tion of the technique of the analysis of covariance 

the independent variables are used to reduce the 

unaccountable variation in the dependent variables. 

[hen the analysis of variance applied to the ad- 

justed dependent variables is used jointly to derive 

the linear function of the corrected values which 

is most highly sensitive to treatment differences. 
This is achieved by discriminant analysis.’® 

Later work on the discriminant function has ex- 
tended the scope of the technique. Instead of dis- 
criminating between two populations, the prob- 
lem may be to discriminate among several. A 
single parameter is sufficient to distinguish between 
means for two different populations, but two dis- 
criminant functions are required for three popu- 
lations, and in general (P-1) parameters are 
needed for P populations. 

Rao has developed statistical criteria for classi- 
fying an individual as a member of one of many 
groups to which he can possibly belong. He also 
treated the problem of arranging groups into a 
hierarchical system through the application of the 
generalized distance function (D*) originally de- 
veloped by Mahalanobis.2° In the case of two 
groups, D? is the square of the difference in mean 
values of the best linear function of the measure- 
ments of any number of characters. Rao intro- 
duced the concept of a quantitative measure of 
separation which, when satisfying certain funda- 
mental requirements, can be specified as the dis- 

between two groups. These measures of 
distances can be used to sort out clusters or con- 
stellations of groups, and it becomes possible to 
state that any two groups of a constellation are in 
some sense closer to each other than any two be- 
nging to different constellations.?! 

Cochran and Bliss?? have shown how to use 
ariates which themselves have no discriminating 


power but may be used to advantage in improving 


he discriminating powers of other variates. For 
‘xample, it is suggested that in an investigation 
‘ the differences introduced by training, the IQs 
i the subjects might be taken as concomitant vari- 
tes in discriminating with the aid of measure- 
nents taken at the end of training. Thus, after 
‘measurement of the IQs, a sample of pupils 


may be divided at random into two groups and 
each group then subjected to a different type of 
training. Discriminatory powers will be increased 
if the two groups are selected so as to have the 
same, or as nearly as possible the same, mean 1Q 
values, so that the generalized distance function 
D* is small. 

The solution of multivariate problems has been 
greatly facilitated by the development of mechan- 
ical and electrical devices for carrying out calcu- 
lations, without which much of the work would 
be long and tedious or even impossible. World 
War II developed machinery that brought about 
dramatic economies in time and manpower and 
rendered accessible to numerical analysis certain 
problems that otherwise could not be attempted. 
Development of methods for finding the inverse 
of the matrix, and of latent roots and latent vectors, 
has also greatly facilitated the use of the large 
number of variables available in certain fields. 
Hotelling has reviewed the main types of matrix 
calculation needed for application. The mechanical 
and electrical devices for performing needed cal- 
culations, the iterative and direct methods, the 
calculation of errors, and the devices of partition- 
ing large matrices are thoroughly treated in his 
highly informative paper.” 

To appreciate the analytical powers of some of 
these statistical tools developed for multivariate 
analysis, we shall sketch briefly the analysis made 
by Rao and Slater.** These methods of analysis 
probably have many psychological and educa- 
tional applications—for instance, in selection. 

The data were obtained by recording the inci- 
dence of a number of “pointers” found to occu 
significantly more frequently among neurotic than 
among normal officers in the Army and Navy. The 
problem reduced to the classification of five “neu- 
rotic groups” and one “normal group” on the 
basis of three measurements. The statistical prob- 
lem is that of allocating an individual specimen 
to his proper group and of arranging the groups 
themselves in a hierarchical system. 

The first step in problems of this kind is to test 
whether the observed differences between the 
groups are significant. Here, since there were 
multiple scores, the method of analysis of dis- 
persion was used rather than the method of vari- 
ance—covariance analysis applied when a single 
criterion score is available and where concomitant 
variation is to be eliminated. The next major step 
was to calculate all possible values of the gener- 
alized distance function D*. These values make 
possible the comparison of each group with every 
other and the arrangement with respect to each 
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group in increasing order of magnitude. The test 
of significance was then made for each D?. It was 
found that the six groups could be arranged in 
approximately linear order, with “normal” and 
“obsessional” groups at the extremes and “per- 
sonality changes,” and “psychop- 
athy” groups coming in between in the order given. 

The next step consisted in determining whether 
the differences between the groups could be at- 
tributed to a single linear function. For this de- 
termination it is necessary to use the methods de- 
veloped by Fisher for calculating the values of the 
direction cosines which define the line giving the 
closest fit to the mean values of the group. This 
involves the solution of a determinantal equation, 
giving the roots of the equation. This information, 
supplemented by appropriate tests of significance, 
was used in answering the question whether the 
mean values of the six groups were collinear. The 
hypothesis of collinearity was accepted. Had the 
hypothesis been rejected, one would test for co- 
planarity and so on until a nonsignificant residual 
variation is reached. 

In the present study, only the first root of the 
determinantal equation was found significant, but 
in investigations of this kind it is often important 
in practice to consider at least some of the smaller 
roots in the determination of the configurations 
of the various groups. In this analysis, therefore, 
the canonical variates corresponding to the first 
two roots were calculated. The mean values of the 
first two canonical variates were calculated for 
each of the six groups, and a pictorial representa- 
tion of the groups presented, analyzed, and the 
psychological interpretation given. 

The last process in the analysis consisted in es- 
tablishing the statistical criterion for determining 
the group to which an individual, upon whom the 
primary measurements were available, is most likely 
to belong. The use of a chart for this purpose was 
described, but the shortcomings of this procedure 
were indicated and the best method was illustrated. 
This method uses all the measurements and de- 


“anxiety state,” 


rives directly from them the appropriat; 
for the allocation of an individual to the 
which he most likely belongs. The ger 

tion of this problem is given elsewhere 

The computational aspects are given wi 
to the present problem. The linear dis 
scores were calculated for each of the o 
practice, then, given the three primary 

ments of an individual, his linear dis: 
score may be calculated and he is assign 
group for which his score is highest. 
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SCIENCE ON THE MARCH 


UNUSUAL PETRIFICATION IN TROPICAL PANAMA 


HE earth has been literally swarming with 

land animals since Paleozoic time, yet bones 

other than those of very recent origin are 
yarely found upon its surface. The combined agents 
{ decay, chemical weathering, and mechanical 
osion are constantly acting upon all objects that 
onstitute the earth’s surface and are in the process 
{ converting them to new and more stable chemi- 
al compounds. All organic and inorganic ma- 
erials, since time began, have been modified in 
ome degree by these natural processes; even moun- 
ain ranges have been leveled by them. 

Of the untold billions of land animals that have 
lived and died since the Paleozoic, only an infini- 
tesimal fraction died under circumstances where 
they were temporarily insulated from these disin- 
egrating processes. The tar pits, ancient spring 
holes, swamps, and shallow inland seas have all 
rapped a few archaic land animals from time to 
ime and preserved them for man’s study, but it is 
obable that for every species classified from these 
ources hundreds of others have remained unknown. 

Bones may contain as much as 80 per cent in- 
oluble mineral matter, of which calcium carbonate 
eldom exceeds 10 per cent; most of the remainder 
scalcium phosphate. The remaining 20 per cent 
ncludes the organic cell structure that holds the 
one together. In a tropical region, with abundant 
noisture and constant high temperatures, the or- 
banic content of a bone will decay rapidly. When 
ones are exposed to these conditions, the decom- 
sition of the organic matter is easier to predict 
han the behavior of the calcium carbonate. In 
he average soil of the tropical jungle there is an 
tbundant supply of humus and coarser organic 
iatter that liberates large quantities of carbonic 
cid and consequently dissolves the lime content 
{bones at a fast rate. This solvent action probably 
ays behind the decay of the organic tissue under 
ll circumstances, but in the tropics it proceeds 
apidly enough so that a bone on the jungle floor 
br in the surface soil disintegrates in a very few 
ears. Old Indian tombs in Panama usually have 
lo bones, but the archaeologist can determine 
mer location of the bodies by the arrangement 
{the pottery, the stone tools. and the position of 
l€ ornaments. 


In spite of the accelerated rate of decay, in this 
tropical region we find perfectly preserved bones 
upon the earth’s surface and in shallow graves that 
are hundreds of years old. 

The surface bones are found in ancient shell 
mounds where perfectly preserved specimens of 
deer, fish, turtle, bird, and small-animal bones 
have been uncovered. The fragile bird bones, fish 
vertebrae, and other small bones were so well pre- 
served in every detail that we found it difficult to 
believe that they were old, yet they were considered 
to be about five hundred years of age. We knew 
that shell mounds in the Temperate Zone contained 
bones, but when we considered the constant high 
temperatures and abundant moisture of our tropi- 
cal environment we could not overcome the feeling 
that nature was playing a trick on us. 

The bones in graves came to our attention when 
a bulldozer, working on an Army post, accidentally 
uncovered an Indian burial site. The ancient 
graves had been dug through a layer of black 
humus which contained many sea shells and then 
down into coarse, shell-bearing sand. The contact 
of the sea shells with the humus had produced a 
high concentration of calcium bicarbonate in the 
soil water that passed down through the graves. 
The dissolved lime began going out of solution as 
calcite cement even before it left the lower edge of 
the humus layer, and continued to deposit more 
intensely as the solutions passed through the coarse 
sand. Because of this, patches of sand were found 
adhering to the bones, pottery, and other artifacts. 
Chemical tests showed that this durable stucco 
finish was produced by calcite cement. Perfect 
skeletons of the ancient Indians were found in 
which the calcium carbonate content varied from 
10 to 20 per cent. The porous bones, as one might 
suspect, had acquired the greatest amount of cal- 
cium carbonate. Seashell necklaces and ornaments 
fashioned of bone and drilled animal teeth were 
perfectly preserved by the depositing lime, and the 
exact position of nose ornaments, necklaces, chest 
plates, and arm bands on the interred chieftain was 
never in doubt. Plates of food offerings still held 
the fragile bones of birds and small animals. The 
location of the pottery and stone tools in reference 
to the body could be seen at a glance, and the ques- 
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A: When 3-N HCI comes in contact with the surface of 
an excavated urn, the vigorous effervescence is quick 
proof that pottery is thoroughly impregnated with cal 
cium carbonate. Pottery that did not come in contact 
with the lime-bearing solutions crumbled so completely 
that it could not be reconstructed. 

B: Decorated pottery and cut sections of fragile bird 
bones, along with cut and drilled seashell ornaments, are 
all preserved for archaeological study by the action of 
lime-bearing solutions. 


C’: Penetrating the pottery, lime-bearing solutions fill th: 
pores with calcite, a cementing process that resulted in 


its preservation during centuries of soaking. Patches of 


sand on sides of large urn were cemented there by excess 


deposits of CaCQ,,. 


D: Large urns such as this were filled with food and 
placed in the grave with the departed Indian chief. The 
restored lids, held by author’s daughters, were badly 
broken as the soil settled. The spouted pot and plates 
of food rested safely inside the urn for more than 500 
years, and when excavated the plates still held the pre- 
served bones of birds, fish, squirrels, and other small 


animals. 


E: With perfectly preserved skeletons to observe, the 
position of the pottery and other artifacts buried with 
this Indian chief was never in doubt. Analysis of bones 
such as these shows them to contain up to 20 per cent 
CaCO,, or about twice their normal content. 








TABLE 1 


CaLciuM CARBONATE CONTENT oF NaturAL BONE AND PETRIFIED BONE SAMPLES 


ure of Bone 


Toxodon rib (ancient rhinoc- 
eros, well preserved ) 


Deer femur (well preserved ) 


Fish vertebrae (well pre- 
served 

Turtle shell bone (well pre- 
served 

Human bone (crumbling and 
powdery 

Galapagos goat skull (slightly 
weathered 

Cow jaw (well preserved ) 


Fragzments from midsection 
of humerus of man (per- 
fectly preserved sample ) 


from end section 
above humerus 
fragments from same 
as humerus above 
well preserved ) 
Miscellaneous fragments: 
Skull, heavy bones, and 
foot bones (preservation in- 
omplete 


Skull fragments of man (pres- 
ervation poor ) 


Bird bones 


Calcium Car 


c 


Source Probable Age 
bonate G 


From Ocu, R. P. About 200,000 years 5.76 


Found about 2 ft. deep in shell mounds | Unknown; probably over 400 
near Anton, R. P. years 
Same mounds as deer femur Same as deer bone 


Same mounds as deer femur Same as deer bone 


Found in burial urn in a dry cave on | Unknown; probably several 
Chame Mountain, R. P. hundred years 
Found on sandy beach, South Seymour | Estimated exposure to the ele- 
Island, Galapagos Archipelago ments, 3—4 years 
Found on plains of Penonome, R. P. Estimated exposure to the ele- 
ments, less than 2 years 
Found in Indian graves near Venado | Thought to be over 500 years 
Beach, C. Z. Bones were covered by 
about 2 ft. of yellow shell-bearing 
sand. Above the sand, and making 
an abrupt contact with it, is a 4—5- 
ft. layer of humus and coarse sea 
shells 


Same bone as above Same as above humerus 


Same conditions as humerus above Same as above humerus 


From yellow sand layer at Venado | Thought to be over 500 years 
Beach (described above). The bones 
in this case were in the yellow sand 
but very close to the junction with 
the black humus and shells. Frag- 
ments fairly well preserved but ap- 
parently from bones that were mostly 
disintegrated 
From Venado Beach, C. Z. Found at | Thought to be over 500 years 
junction of yellow sand and humus 
out in direct contact with the black 
soil. Skeleton totally disintegrated 
except the skull fragments and a few 
pieces that appeared to be arm bones 
Found on plates and in small pots that | Same as other Venado bones 10.60 
are usually placed in a large urn and 
buried with the ancient Venado In- 
dian 


tion as to whether the body was flexed, laid out at occasionally produces chemical reactions that cause 
lull length, or buried in a sitting position could be bones to be preserved in spite of the strong disin- 
answered by direct observation instead of specula- tegrating processes that are always tending to de- 


tion. 


stroy them. 


The degree of petrification necessary to preserve It was hoped that a chemical analysis of a num- 
a bone in a tropical climate seems to be in doubt. _ ber of samples of natural, fossil, and petrified bones, 
(he minimum calcium carbonate content necessary which had been found under a variety of condi- 
‘0 prevent a bone from crumbling after it begins tions, might yield some information that would 
to lose its original lime is apparently unknown. The contribute to the answers to the above questions. 
question as to whether the original calcium carbon- The chart of analyzed samples (Table 1) raises 


ate remains in the same physical state as the bone 


more questions than it answers, but it does offer 


ages, or recrystallizes as a cementing agent, still material for some very interesting speculations on 
) be investigated. From general observation — the subject. 
bvious that even the tropical environment Volumetric analyses were made by grinding, 
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oven-drying at 100° C, and weighing about 2-g 
samples on an analytical balance. Fifty ml of half- 
normal HCl was added to each sample; then it was 
digested in a covered flask on a hot plate below the 
boiling point of the solution. When effervescence of 
CO, was complete, the solution was titrated with 
half-normal NaOH, using phenolphthalein as an 
indicator. Qualitative tests for the presence of the 
ferrous ion, the ferric ion, and the magnesium jon 
were applied to each sample. Where any of these 
ions were present, the above method was consid- 
ered unreliable, and the sample has not been listed 
in Table 1. Where the above ions were not present, 


the equivalents of calcium carbonate wi 
ered to be equal to the loss in the equival: 
half-normal HCl. 

This method of analysis may be criticiz: 
ing several possible sources of error. Hoy 
calcium carbonate content of different pa 
same bone has been found to vary mor 
per cent, so a more refined and time-c: 
method of analysis would offer little ady 
making general comparisons such as these 
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THE PLACE OF PLANT PHYSIOLOGY IN AGRICULTURAL RESEARCH* 


LANT physiology, the science of the study of 
plants from the operational and functional 
viewpoint, includes the investigation of the 

internal mechanisms by which the plant carries on 
its many, complex chemical processes, the influence 
of environmental factors on plant behavior, and 
the relationships between plants. 

The knowledge gained by plant physiologists in 
the pursuit of their science has a very practical 
and important field of application to human wel- 
fare, namely, in the field of agriculture. The study 


and improvement of agriculture are in fact pri- 
marily questions of the application of the broad 
including plant 
physiology, to the specific problems of crop pro- 


principles of certain sciences, 


duction. Agricultural research in many of its 
phases might therefore be called applied plant 
physiology. 

The application of principles derived from plant 
physiological research has resulted in significant 
technological advances in agriculture over a period 
of at least seventy-five years. Some of the advances 
have been important from the standpoint of im- 
proved yields and lowered costs of production in 
terms of human labor. Thus our present relatively 
thorough knowledge and control of the nutrition 
of field crops, as well as recent developments in 
weed control, illustrate how technological progress 
in agriculture has grown directly from the applica- 
tion of the principles of plant physiological research. 

Agriculture today is still the world’s biggest 
business. Agricultural research is also big business, 
carried on in the interests of big business. The 
application of plant physiology to agriculture is 
big business. But, as plant physiologists know, 
research in plant physiology is not such big busi- 

* Based on the address of the retiring president at the 


Columbus meeting of the American Society of Plant 
Physiologists, September 1950. 
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ness. Let us look at this phenomenon and conside: 
what suggestions may be made as to the future o! 
research in plant physiology. 

The outstanding fact about plant physiology i 
the United States is that the vast majority o 
present-day research is in applied fields. Althoue! 
on the available information, 
estimates cannot be made, still it appears from data 
collected in 19497 that the great bulk of effort ir 
plant physiology is specifically directed toward 
solution of immediate problems, and that relatively 
much less is directed toward the development o! 
new and general principles. It is reassuring to know 
that there are so many important practical prob- 
lems that need immediate resolution through t! 
application of plant physiology, but it is less reas- 
suring to realize that enthusiasm for application 
may outrun development of new principles t 
apply. And this is exactly the predicament in son 
fields of applied plant physiology. Not long ag 
I attended a meeting of agricultural workers con- 
cerned with the development of a program ! 
applied research on a certain agricultural problen 
since very litt! 


basis of accurat 


A serious question was involved, 
basic plant physiological work has ever been doi 
in the field. This incident is typical of the situation. 
by no means unique, in which little or no support! 
has been available for the study of basic principle 
but in which abundant support is available for t! 
application of nonexistent principles. It is no 
necessary to belabor the point that basic researc! 
is an essential preliminary to applied research. [ht 
distinction between science and technology is clea! 
to most of us, as is also the intimate relation betwee! 
science and technology. Nevertheless, this dis 
tinction is not always clearly drawn, and in agt 
cultural research at present there appears to > 


t Plant Physiology, 25, 529 (1950). 
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arity between science and_ technology. 
mes all the more evident if one considers 
lds of investigation. All agriculture, and 
cost of life, are dependent on photo- 
but even today only a relatively small 
investigators are studying this funda- 
problem. It is significant, too, that some 
{ the most notable advances in our understand- 
{ photosynthesis have been made by chemists, 


Y Ol 


with financial support not from agriculture but 
yom other sources. Another basic and general 
yoricultural problem is that of biological nitrogen 
sxation—-which has been investigated extremely 
elegantly, to be sure, but by only a very small num- 
ber of workers in a very small number of labora- 
tories. he list could be extended, but the point has 
already been made clear—work on the basic and 
seneral problems having to do with all of agri- 
culture is not at present necessarily promoted on 
the same broad scale and with the same over-all 
energy that is devoted to technological application. 

One might argue that research toward a com- 
plete understanding of the mechanics of photo- 
ynthesis, nitrogen fixation, or of any other problem 
of plant science should not be supported as agri- 
cultural research because it is not clear that such 
an understanding would lead to agricultural ap- 
plication of any consequence. Most of us would 
probably agree, however, that such an argument 
would be unsound and without support in the 
history of science and technology. We cannot pre- 
dict in advance which basic study will lead to 
immediate application and which will lead to 
application only after some longer period. Of one 
thing we can be sure, however, and that is that the 
spectacular and unforeseen developments of tech- 
nology will come from new principles established 
through research whose only aim is the develop- 
ment of understanding, the development of new 
principles. 


spec iff 
ndet d 
synthes 
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It would appear, then, that there may be some 
inequality in certain fields between the amount 
of research carried on in basic plant physiology 
and the amount of work in what we might call the 
technology of plant physiology. It has been sug- 
ested here that continuing success in plant physio- 
logical or agricultural technology must spring from 
principles developed by basic research in plant 
physiology. Let us ask ourselves why it is that such 
basic research is carried along at a relatively low 
level as compared with the levels of agricultural 
research in general and as compared with the need 

it. Is it the fault of plant physiologists? Do 
» frequently select and emphasize programs 
id nowhere? Do they lack the ability to con- 
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vince society in general and administrators in 
particular that broad programs of basic research 
would lead to enlarged scope for technological 
application? Or does the fault lie in the organiza- 
tion of research in agriculture and in the way in 
which funds available for agricultural research 
must at present be administered? It is my belief 
that all these questions must be answered in the 
affirmative. Any enlargement and intensification 
of basic research will require the cooperation of 
plant physiologists, and perhaps changes in the 
administration of agricultural research. 

It is true that in the past plant physiologists have 
sometimes chosen to work in fields that have not 
turned out to be particularly fruitful in ultimate 
technological application. The work may well have 
been of value, but it has nevertheless not tended 
to increase the stature of basic research in plant 
physiology as a foundation of technological prog- 
ress. Basic research in plant physiology is not, 
however, ipso facto nonuseful, as seems sometimes 
to be assumed in agricultural circles. We cannot 
be sure that any particular program will lead to 
results that will prove of value in technological 
application. We can, however, try to direct our 
basic or long-range research effort toward prob- 
lems an understanding of which would at least 
bear on some technological question. The plant 
physiologist should perhaps attempt to formulate 
his problems as questions, the answers to which 
would truly illuminate the behavior of plants. The 
plant physiologist, and indeed every scientist, 
should be sure that the answers to the questions he 
poses for himself will not be trivial. 

By and large, the difficulties that confront the 
plant physiologist today derive from causes other 
than past errors. ‘They are the result, perhaps, of 
the fact that no one, no group, no organization, 
no agency, has as its clear duty and responsibility 
the general financial support of long-range research 
in plant physiology. Who is to pay for such re- 
search? That is the key question. We know that 
a very considerable amount of the basic work done 
in plant physiology is done in universities. This 
is supported in part by funds available to the 
universities for their academic obligations, of which 
one is the conduct of research, particularly in con- 
nection with advanced training of graduate 
students. Such work demands money, usually more 
than is at hand. Since there is no general source 
of funds for support of basic research in plant 


physiology, the university must try to get it from 


other sources. An anomalous state of affairs has 
now developed in which work in plant physiology 
is often supported by funds earmarked for medical 
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research. Such funds include grants from the semi- 
public agencies that have to do with research in 
and alleviation of particular human afflictions, as 
well as from the U. S. Public Health Service itself. 
There is nothing wrong in the diversion of such 
funds to plant physiological research in instances in 
which the work to be done will help to solve the 
medical problem involved. It seems to me, however, 
that basic research in plant physiology logically de- 
serves financial support from funds allocated spe- 
cifically for agricultural research, just as basic 
medical research deserves and receives support 
from funds allocated to it. The plant physiologists 
of the universities have, however, no agencies 
analogous to the semipublic medical ones or to the 
Public Health Service, to which to go for assistance 
in long-range programs. 

A major site for basic research in plant physi- 
ology is in the agricultural colleges and experiment 
stations. In certain instances agricultural colleges 
have made impressive records in conduct of im- 
portant basic research in plant physiology. In the 
agricultural colleges, and particularly in the experi- 
ment stations, the pressure for technological work 
is frequently an important influence in the plan- 
ning of research programs. It is entirely proper that 
applied research be done in the experiment stations. 
This is one of their functions, and they have per- 
formed it admirably. The present stress on applied 
rather than on basic research in plant physiology 
is, however, due primarily to the agricultural col- 
leges and experiment stations. It is merely a 
question of what balance between long-range re- 
search and technological application of present 
knowledge should be preserved in order to assure 
continued progress in agriculture. 

The third major factor in plant physiological 
research is, of course, the U. S. Department of 
Agriculture, which is charged primarily with ap- 
plied and technological research so far as plant 
physiology is concerned, although important basic 
research is also carried on in certain fields. In the 
USDA, as in the experiment stations, factors hav- 
ing to do with the way in which funds are appro- 
priated, as well as other forms of outside pressure, 
tend to place emphasis on research programs with 
obvious and immediate technological value. 

In the United States we have developed facilities 
and support for agricultural research that are 
probably unparalleled. These facilities, and par- 
ticularly the financial support, emphasize the ap- 
plied phases, so that in plant physiology applied 


crop production research very largely 
the scene from a quantitative standpoint. Xesear} 
aimed at increasing our understanding, ; | 
ing new principles, new concepts, new n 
apply, is carried forward on a much sma 
and on a scale that seems to be dispropor 
the significance of the problems invol 
reasons for this appear to be largely financ: 
of us from universities, or colleges of ag 
have undoubtedly all had the experience of hearing 
in discussion with a worker or administrator ; 
applied agricultural research, “We in applied work 
must depend on you in the universities 
research.” Possibly. But, even supposing this is try 
where is the financial support to come from? |) 
plant science research we have no general! mec! 


provid. 


CTlal t 


cultuy 
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nism for the financial support of basic, disinterested, 
long-range research the aim of which is the elucida. 
tion of principles. In this respect we have lagged 
sadly behind our colleagues in medicine, wher 
events have forced the recognition of basic research, 
even on plants, as an integral part of all research 
programs. 


In outlining the place of basic plant physiological 
research in agriculture, it has not been my intention 
to paint a dark picture of the present status of the 
science. We all recognize that a very significant 
amount of important work is being carried on today 
by the agencies responsible for agricultural progres, 
as well as by the universities. There has been a 
conspicuous intensification of such research sine 
World War II. The point I have tried to mak 
is that basic research in plant physiology 1s 2 
integral part of agricultural research, not a luxun 
to be put off to some time in the future. It is not 
a frivolous sort of thing indulged in only by im- 
practical professors, but is, rather, the stuff 
which new technological progress is made. The 
future of basic research in plant physiology depend 
however, not on the plant physiologists alone, but 


upon our establishing a clear-cut policy about wh 


is to pay for it. 

JAMES Bonnik 
Division of Biology 
California Institute of Technology 


Erratum 


Owing to the necessity for a last-minute change ol p 
make-up in the May issue the names of the signed lette® 
on page 344 do not conform with the names in the Tabl 
of Contents. Instead of reading Joseph A. Babor, 5. | 
Florman, and Sydney Steele, they should read Erne 
Brennecke, S. C. Florman, and Sydney Steele.—Fds 
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BOOK REVIEWS 


EVOLUTION IN PROCESS 


and Men. Caryl P. Haskins. xiv + 282 pp. 
Norton, New York. 1951. 


book is an important contribution toward 
olution of one of the knottiest problems of 
thought—that of the relationships between 
biological species and man the creator and 
creature of his unique social and cultural heritage. 
Biological man is a product of a long process of evolu- 


‘onary development, brought about by a combination 


of the same fundamental causes—mutation, gene re- 
combination, natural selection, and genetic drift 
which have shaped the evolution of other organisms as 
well. And yet man’s social and intellectual life is based 
n his possession of specifically human capacities, such 
as the use of symbols, which are barely adumbrated in 
ther animal species. From the time of Darwin on, 
many biologists and philosophers have attempted to re- 
olve this ostensible conflict between biological and 
ial man. These attempts floundered because of their 
ne-sidedness, and their fiasco has left a legacy of 
kepticism bordering on agnosticism, especially in the 
ninds of social scientists. Indeed, the attempts of the 
xdolescent biology of the Victorian Age to deduce 
rinciples of ethics from real or imaginary biological 
iws seem at present a little ridiculous. Even if it were 
rue that the main principle of biological evolution is 
‘eat or be eaten” (which is quite certainly not true) 
t would not follow that human behavior and human 
volution must of necessity be guided by the same 
recept. On the other hand, the opinions of some soci- 
ogists and philosophers that biology is vastly irrelevant 
0 the understanding of man and his works is equally 
defensible; this opinion constitutes a relapse into a 
Pogmatism that belongs to the prescientific age. For no 
hatter how unique man’s position in nature is, he 
cupies that position by virtue of his singular biological 
ndowment which arose in the process of evolution from 
neestors that did not possess it. It is important to dis- 
over the mechanisms of this evolutionary process; their 
iscovery might enable man to manage the subsequent 
volution of his species along lines he would consider 
od and desirable. 

The main thesis of Dr. Haskins seems amply justified 
the available evidence. It is that the appearance and 
evelopment of the social organization among animals 
Swell as among men are an outcome of the process of 
olutionary adaptation to the environment. But Dr. 
askins is fully aware of the pitfalls of excessive biol- 
kim. Neither natural selection nor any other known 
lological principles account for human history. There 
no biological force or biological predestination that 
ould carry human evolution always in the right direc- 
0. Freedom and coercion, democracy and totalitarian 
fanny, are all within the range of possibilities for man. 


He must choose between numerous courses that lie 
equally open before him. After all, it is at least think- 
able that man may see fit to direct his evolution toward 
his own biological breakdown. Although knowledge of 
biology should play a role in the choice, the issue will 
be decided by what men consider to be the greatest 
good—ultimately by their ethical and aesthetic feelings 

Comparisons of human and of animal societies have 
often been made. There exists a vast literature dealing 
with the social behavior of many animals, Ants, ter- 
mites, bees, and other social insects have attracted a 
great deal of attention from many students. Dr. Haskins 
is the author of several important contributions in this 
field, and his account of insect societies is both superbly 
competent and concise. Most of his predecessors em- 
phasized the similarities, often tenuous and superficial, 
between the human and the nonhuman societies, but 
Dr. Haskins stresses the basic differences between them. 
The marvelous organization of an ant or a termite nest 
justly excites our wonder and admiration, but it does 
not follow that we should regard the colonies of ants 
or termites as ideals toward which human societies must 
strive. Anthropomorphic interpretations of the termite 
societies are bad enough, but termitomorphic interpreta- 
tions of human societies are even worse. The quaint 
naiveté of so many biologists in these matters has made 
sociologists wary of all biological reasoning about man- 
kind. But Dr. Haskins is a biologist who shows quite 
convincingly that the human and the insect societies 
are biologically very dissimilar phenomena. Moreover, 
it is this very dissimilarity that is most revealing. 

Man can exercise choice between various courses of 
action. This ability is evidently conditioned by his bio- 
logical heredity, since abilities of this kind are absent 
in other organisms. Termites, ants, or monkeys are not 
free to decide the future of their species. Their behavior 
in any given environment is circumscribed within rather 
narrow limits by their genetic constitution. The genetic 
determination of behavior is much less rigid in man. It 
is often contended, even by biologists who should know 
better, that since different breeds of dogs or horses dif 
fer genetically in their behavior and capacities, differ- 
ent breeds of men must similarly differ in their men 
talities. This reasoning is fallacious; the degree of rigid 
ity of the genetic determination of mental traits in a 
species depends upon its evolutionary history. The be- 
havior of ants or termites is fixed by their genes, be 
cause it happens to be conducive to the survival and 
spread of their species in the environments and under 
the circumstances in which they normally occur. The 
plasticity of the behavior, the ability to choose and plan 
in accordance with the circumstances that differ in dif- 
ferent places and at different times, have proved to be 
of high survival value in the history of the human 
species. Genetic fixation of behavior has been discrimi- 


nated against by natural selection in human evolution. 


103 


= 


rr ~- A Ire 


ra 





The great philosopher Nietzsche thought that man, 
and particularly modern man, differs from animals by 
being conscious of history. But, in the opinion of 
Nietzsche, this consciousness is man’s great misfortune 
and disability. A biologist must certainly disagree with 
so pessimistic a view. The history of mankind is our 
cultural heritage, and the possession of this heritage 
is manifestly an adaptive trait of great importance in 
the control of the environments on earth. The transmis- 
sion of the cultural heritage presupposes the ability to 
teach, to learn, and to modify one’s actions in accord- 
ance with the knowledge and wisdom acquired in the 
process of learning. The educability, the plasticity of be- 
havior, is adaptively by far the most important bio- 
logical quality of the human species which has been 
developed and maintained by natural selection through- 
out human evolution. The of freedom 
joined with responsibility which is fostered by the 


achievement 


democratic social organization may, in this sense, be 
said to represent the highest development, so far, of 
this specifically human evolutionary tendency. 


Tueoposius DonzHANSKY 
Department of Zoology 
Columbia University 


DREAM OR REALITY? 


Men of Other Planets. Kenneth Heuer. x + 160 
Illus. $3.00. Pellegrini & Cudahy, New York. 


pp. 
1951. 


HIS is a gracefully written little book about life 

on other worlds; the air, attitude, and mood are 
that of a gently hopeful lecturer, speaking to children 
and elderly ladies. There is a certain air of gentle 
fuzziness about it; it is pleasant material, but it lacks 
the sharp clarity of thought and presentation that would 
have made it a genuinely scientific text. There is men- 
tion of radar contacts with the moon, of rocket ships and 
atomic jet drives—but the viewpoint is mainly deter- 
mined by astronomical work of the nineteenth century. 
The harsher verdicts of the twentieth century, based on 
observational work done with the larger instruments, 
the more precise methods of bolometer and infrared 
spectrometer, are largely by-passed for the kindlier 
judgments of the earlier and more hopeful-of-other-life 
observers of the last century. 

It is true that the author’s speculations are clearly 
marked as such, but the opinions of earlier astronomers 
are not quite so clearly marked as educated guesses 
based on inadequate data. Russell’s work on planetarv 
atmospheres, the recent Atmospheres of the Earth and 
the Planets, have been consulted much less than Picker- 
ing and Lowell. 

The general level of the book seems based on an effort 
to please, interest, and inspire the young and the old 
but not the middle group who prefer their material 
sharply focused, and without the softening haze of “we 
can’t prove it isn’t so.” 

There is much sound material presented, and for the 
teen-ager, the book can be a gold mine, something to 
start a mind speculating, wondering—and seeking fur- 
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ther into the infinite and fascinating field « 
space beyond our shallow atmosphere. For 
developed scientist, the book is disappoint 
mind that may be turned to science tomorro 
is provocative and well done. The one object 
that 
from 


level is there are also alluring possi 


rived the most recent knowledge of 
structures that could have been worked in, ¢ 
knowledge does rather rule out locust swai 
moon, and inhabitants of 300-mile-diameter 
The latter part of the book, dealing with t 
of the earth and solar system in space, is m 


and more clearly expressed; all this material } 


sarily, been taken from work done in this century. sj 


the structure of the galaxy had not been 
until recently. 

Joun W. Cam 
Astounding Science Fiction 


New York City 


UCcI¢ 


A PHYSICIST’S AUTOBIOGRAPHY 


From the Life of a Researcher. William Weber C 


xi + 238 pp. $4.75. Philosophical Library, New Yor) 


1951. 


HIS is the autobiography of a scientist whi 
™ 
n 


spent practically all his adult life as a mer 
the staff of the National Bureau 


outgrowth of a requirement of every member 
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of Standards 
specialty has been thermal radiation and the dev 
ment of instruments for this purpose. His book is 


National Academy of Sciences to place on fil 
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biographical facts not printed in current biogra 


he was reared, his first recollections and juvenile 
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ance. 


Nearly half the book is devoted to the earl 
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such as the environment under wl 
which may throw light on his adult perfor 
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of the writer, and contains much interesting read 


A later long chapter is devoted to a summary 
physical investigations and some applications 
results. His early investigations on the absorption 


of the few colored glasses then manufactured found 
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application during the first world war in protecti! 
‘and also the enshrined Declara 


eyes of welders 
Independence) from injurious ultraviolet 
He also studied the light emitted by fireflies, 


result enabled biologists to discover that 
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emitting organs of the firefly contain two substat 


one of which generates the light and the othe: 
Many other investigations and their applica' 
described in this chapter. 

Another chapter will probably be of equal 
It contains a summary of the author’s investi; 


psychic phenomena. This side of Dr. Coblentz’ activ! 


was practically unknown to his colleagues at 
tional Bureau of Standards. The reader must 


form his own opinion of this part of the book. In ‘ 


this he may find it useful to refer to an artic! 
“Telepathy—a Survey,” by Sumner Boyer | 
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ScientiFIC MONTHLY, in February 1940. 
ection there may be cited the parallel 
British physicist Sir Oliver Lodge, who 
1 as president of the Society for Psychical 
Srooding over the loss of a son in the first 
Lodge eventually received (as he thought) a 
n his son. This intensified his interest in psy- 
pic matters, and he arranged that after his death there 
ld be found among his effects a sealed envelope con- 
jining a message he would endeavor to transmit to his 
ends. Should any of these friends receive what pur- 
borted to be such a message, Lodge directed that it 
hould be enclosed in a sealed envelope and given into 
he care of his family. Ten years after Lodge’s death all 
e envelopes were to be opened and their contents com- 
wed. The ten-year period ended August 22, 1950. This 
eviewer has seen or heard nothing of the result of this 
xperiment. Had only one of the friends submitted a 
message resembling that left by Lodge it would have 

been matter for headlines in the newspapers. 
Pau R. Hey 

Vashington, D. C. 


DEVELOPMENT OF A GIANT INDUSTRY 


' Titan of the Southwest. Carl Coke Rister. xxiii 4 
107 pp. Illus. $5.00. University of Oklahoma Press, 
Norman. 1949, 


HE publishers claim that ““everyone—from the tool 
pusher and driller to the Wall Street investor and 
he car owner . . . will acquire from this book a better 
nderstanding of the vast oil industry of the Southwest, 
ich today provides 70 per cent of the oil produced 
mn the United States.” Perhaps the claim is accurate, 
but the fact is that it will take someone with an interest 
n the oil industry to plod through the minutiae of ex- 
plorations, discoveries, and developments, from the 
st press notice of oil in Kansas (March 31, 1855—or1 
ur years before Drake brought in his well at Titus- 
lle, Pa.) to the bringing in of the discovery well in 
ast Texas on October 14, 1929. 
\dmittedly this limitation still leaves the book a large 
ptential public, for in much of the Southwest, and es- 
ally in Texas, Oklahoma, and Louisiana, it is as 
ficult to find the inhabitant who is not interested in 
(as it is to single out the Philadelphian who allegedly 
oes not read the Bulletin. In the oil country every de- 
il connected with drilling and discovery is weighted 
ith significance, and Carl Coke Rister succeeds in re- 
roducing the inconsistent and almost breathless loss 
i perspective that is characteristic of the oil country. 
fails to impart life to the raucous boom days and 
Ie Wi d boom towns, but he has captured something 
I the purposeful confusion of oil pool development. 
lhe chronology of events is given geographic order 
Rister moves from the accidental but portentous dis- 
oil at Corsicana in 1894, and the scientific 
on of the drilling site at Spindletop, which 
n January 10, 1901, to the discoveries in the 
Basin, the Panhandle, and East Texas. Later 


erm) 


evelopmnents are sketched in rather general terms, for, 


as the author notes, discovery, like development, has 
of necessity become too much of a science and too 
heavy in investment for all but the lucky rugged indi- 
vidual. Happily, the latter still exists; and, despite the 
fact that the production, refining, and distribution of 
petroleum dominates Southwest industry, without quite 
as much altruism as the author implies in his final 
chapter, the individual wildcatter, who puts his last 
dime into a wildcat well, is the most important adjunct 
in developing the new reserves needed to offset the un- 
precedented annual drain. 

Howarp A. MEYERHOF! 
American Association for the Advancement of Science 
Washinston, D. C. 


HYGIENE 
The Science of Health. (2nd ed.) Florence L. Meredith. 
xiii + 452 pp. Illus. $3.75. Blakiston, Philadelphia. 
1951. 


HOUGH “Second Edition” is printed at the head 

of its title-page, this volume is in fact the third edi- 
tion of the outline known in 1935 as Twelve Hours of 
Hygiene, an abridgment of the author’s larger textbook 
on Hygiene (1st ed., 1925; 2nd ed., 1932). Under its 
present title the outline was first published in 1942. 
The purpose of the “second” edition remains the same 
as that of the 1935 abridgment—to serve as a textbook 
in one-hour, one-semester college courses of hygiene. 
The author is eminently qualified to write textbooks for 
such courses because she is a physician who has long 
experience as lecturer and professor of hygiene at several 
colleges (Tufts, Simmons, etc.). She also proves herself 
a good writer who has an easily read style and a sense 
of values that have helped her in the collection of ade- 
quate material and in the instruction of well-balanced 
knowledge. 

There are many technical editorial innovations in 
this issue of the work, such as transfer of paragraphs 
to more suitable chapters, new titles for chapter heads, 
enlargement of sections into new chapters, grouping 
of all chapters into four parts, and merger of the end 
tables with the corresponding portions of the text. Part 
se “Major Health Problems in the United States,” is 
fully rearranged. Formerly it was just an alphabetical 
list of a few major internal diseases, from anemia to 
ulcer of the stomach. Now there is a seemingly new 
Chapter 12 on communicable diseases, and the rewritten 
text on noncommunicable diseases makes up Chapter 


13. 
The statistical references seem to run up to 1948, 


but the list of recommended reading matter stops short 
at 1946 (except for a few Blakiston publications). There 
are a number of new illustrations, though some of the 
anatomical pictures date back to textbooks printed in 
the 1920s. The part on endocrine diseases pp. 296 
302) could stand further additions and refreshment 
The type and the general appearance of the book are 
very pleasing. 

Criaupius F. Mayer 
Index-Catalogue 
Army Medical Library, Washington, D. C. 
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SURVEY OF LOCAL FAUNA 


Handbook of Amphibians and Reptiles of Kansas. 
Hobart M. Smith. 366 pp., 233 figures. Apply, adding 
25 cents to cover postage, to University of Kansas 
Museum of Natural History (Misc. Pub. 2), 
Lawrence. 1950. 

HIS new herpetological survey is an exhaustive 
popular guide from the prolific pen of brilliant, 
indefatigable Hobart M. Smith, now at the Museum of 

Natural History, University of Illinois, It is a magnum 

opus that any state faunal survey group would be proud 

to produce. Most will remark that it is just the sort 
of thing they need, but, they will regretfully add, 
cannot afford to produce. 

The handbook results from a continuation of the 
work of the Kansas Biological Survey begun by C. D. 
Bunker, of the Museum at Lawrence, and has been 
published by the state in “response to scores of requests 
from citizens of Kansas for information concerning the 
amphibians and reptiles of the State.” 

The striking color photograph of the copperhead on 
the cover is an appropriate sign of the contents. Dr. 
Smith confesses that “Little that is new is included in 
these pages,” but the text concerning each species (range, 
description, recognition characters, habits, and habitat) 
is concisely drawn from a wide command of original and 
published data. Such little-known facts about the com- 
mon species as his statement “There is considerable 
evidence that any one female water snake 
Natrix sipedon) will bear young only in alternate years” 
abound in the book. In fact, the lack of a complete 
coverage of all the available life history data indicates 
the trend nowadays to cater to the layman instead of 


common 


strictly to the scientist. 

A general historical account of herpetology in Kansas 
is actually a tribute to such pioneers as Hallowell, 
Cragin, Hammond, Branson, Taylor, Burt, Gloyd, and 
sunker. Pertinent material is well presented for venom- 
ous species, collecting, care of live individuals, preserva- 
tion of specimens, identification, and other general 
instructions. Maps are an important and welcome ad- 
dition to distribution information—a small map of the 
United States accompanying each large state map 
demonstrates the general distribution. The former has 
the appropriate dots showing collections records. Ex- 
cellent, finely reproduced photographs are a decided 
asset, particularly so since they are printed on a 
moderately glossy high-grade paper. The lizard photos, 
taken from Smith’s Handbook of Lizards, are better 
reproduced than in the original. Some of the salientian 
photos, from Smith’s Amphibians of Kansas, are, on 
the contrary, inadequate from the standpoint of ob- 
serving pattern and detail. 

Excellent keys from higher to lower categories of 
amphibians and reptiles are not presented as a single 
unit. Experience in the classroom indicates that many 
people must start from scratch; consequently, the key 
in its entirety might greatly facilitate “running down” 
a species. The layman’s disinterest on subspecific tax- 
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onomic units has not been overemphasiz: 
Dr. Smith states, “It seems to be unne 
fusing, for most beginners, to be confront 
details of subspecies identities.” More of |} 
might take a lesson from this when educati) 
Nevertheless, at the end of each account « 
or reptile, he includes a brief discussion 
species breakdown. This is somewhat comp! 
ever, by the use of the accepted common n; 
subspecies, with no explanation for the rem 
The herpetofauna of Kansas is comp 
species, or a total of 105 species and subspeci 
kinds are 
anurans, 21; lizards, 16; snakes, 44; turtles, 


the following included: salam 
other unverified species and subspecies are n 
the hypothetical list. A bibliography for eac! 
placed at the end of each species’ biography, i 
to a list of 176 references. A glossary and 
tribute to the completeness of the work. 

RomMEo 
Department of Research and Education 
Solomons, Maryland 


FISHER’S COLLECTED PAPE 
Contributions to Mathematical Statistics. R. A. Fish 
Approximately 1,200 pp. (not consecutively nu 
bered). Illus. $7.50. Wiley, New York; ( hapmar 
Hall, London. 1950. 


HIS large and well-printed volume 

by R. A. Fisher from his work and a brief descrip 
three other papers that could not be included in th: 
lection. The whole covers the fruitful work of Fisher ex 
tending from 1915 to 1942. Along with the recent volun 
of selected papers by Karl Pearson (Karl Pearson’s Earl 
Statistical Papers, Cambridge University Press 

the volume under review contributes much to the fa 


ties for studying trends in statistical research and 
stitutes a valuable addition to the series of statis! 
books published by Wiley & Sons under the editorshit 
of Walter A. Shewart. 

A very able “manipulative” 
enjoys a real mastery in evaluating complicated mult 
integrals. In addition, he has a remarkable talent in | 
most difficult field of approaching problems o! 
pirical research. As a result, his lifework includes: 


mathematician, Fis 


series of valuable contributions giving exact distribu 
of a variety of statistics, such as the correlation 
ficient, the central ¥? with due allowance for deg! 
of freedom, the noncentral %?, the quotient of tw 
etc., etc. These distributions are bound to stay 
books and be used continuously, In this connecti 
is regrettable that the volume does not contain Fis! 
paper giving the distribution of the correlation 
ficient published in Biometrika in 1915, It may 
hoped that the editor of Biometrika will reissue t! 
print of this paper so that it can be appended | 
present volume. 

In his long scholarly work Fisher also mad 
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the conceptual side of mathematical sta- 
and these efforts are duly reflected in this vol- 
In ticular, three major concepts were intro- 
her and consistently propagandized by him 
r of publications. These are mathematical 
a measure of the confidence in a hypothesis, 
itistics, and fiducial probability. Unfortu- 
ately, in nceptual mathematical statistics Fisher was 
nich less successful than in manipulatory, and of the 
hree a concepts only one, that of a sufficient 
atistic, continues to be of substantial interest. The 
ther two proved to be either futile or self-contradictory 
nd have been more or less generally abandoned. 


ttempts 


Hiced by 
1a nul 
ikelihood 


fhe ient 


Fisher's great achievement is his contribution to 
really the founding of) the theory of experimentation. 
lere, the idea of a design and the many ideas of par- 
‘ular designs, including randomization, are important 
pnceptual contributions. They are skillfully combined 
th the manipulative layout of the analysis of variance 
nd constitute a useful tool for the experimenter in a 
reat number of fields of research. This part of the 
holarly work of Fisher, somewhat on the fringe of 
sathematical statistics, is reflected mostly in Fisher’s 
ooks and is not adequately represented here. 

\s already emphasized, Fisher has contributed many 
nportant results, and many of these are contained in 
1e papers reproduced in the present collection. If this 
lume were limited to reproductions of these papers, 
would constitute a real monument to Fisher’s schol- 
rly activity, of which he and his friends could be justi- 
ably proud. Unfortunately, preceding each paper there 
sa prefatory note by Fisher. The majority of these 
re polemical, although in many cases this may not 
‘apparent to the casual reader. They are an integral 
ut of the volume, and, since some of them tend to 
im other scholars, it appears appropriate to give 
lem some attention. 

lhe prefatory note on page 29.302a contains a per- 
mal attack on Karl Pearson. Its tone may be exempli- 
d by the following passage: “If peevish intolerance 
f free opinion in others is a sign of senility, it is one 
hich he had developed at an early age. Unscrupulous 
hanipulation of factual material is also a_ striking 
ature of the whole corpus of Pearsonian writings, and 
this matter some blame does seem to attach to 
earson’s contemporaries for not exposing his arrogant 
etentions 


Other prefatory notes are not so brutal in form, but 


hany of them are insidious because, in a skillfully 
Kdden manner, they involve unjustified claims of pri- 


ity. Two examples of this kind must suffice. 
The very first prefatory note describing Fisher's 
aper of 1915 on the correlation coefficient (not re- 
oduced in the volume) contains the following sentence 
|.2a): “Here the method of defining a sample by 
* coordinates of a point in Euclidean hyperspace was 
toduced. . . .” This sentence, in a delicate and con- 
heing manner, puts forward a claim for priority with 
‘pect to a useful method. This claim has been made 
Fisher before and has been accepted by many of 


his readers. Thus, for example, it is acknowledged by 
Mahalanobis in his biography of Fisher which is re- 
produced as the first item in the book (p. 268, line 
from the bottom). However, the same method of repre- 
senting the sample by a point in multidimensional space 
(and for a similar purpose) was also used by Karl 
Pearson in 1900 (fifteen years earlier) in his paper on 
the chi-square distribution and, probably, had been 
used even before that. 

Another unjustified claim of priority refers to the 
so-called property of efficiency of the maximum likeli 
hood estimates. According to Fisher’s terminology, a 
consistent estimate is called efficient if it is asymptoti- 
cally normal and if, compared with all such estimates, 
it has the minimum asymptotic variance. In his paper 
of 1908 (J. Roy. Statist. Soc., 71, 651-78, particularly 
662 [1908)), F. Y. Edgeworth conceived the idea that 
maximum likelihood estimates (Edgeworth used an- 
other term) are always efficient and, with the aid of 
Professor Love, made several attempts to prove his 
conjecture. Firmly convinced of the truth of his theory, 
Edgeworth went further and introduced the idea of 
rating the precision of other asymptotically normal 
estimates by the ratio of their asymptotic variances to 
the asymptotic variance of the maximum likelihood 
estimate. This theory was then applied to the study 
of the efficiency of the method of moments in relation 
to fitting Pearson curves. 

Some thirteen or fourteen years later the same idea 
was conceived by Fisher, apparently independently of 
Edgeworth, and proclaimed with great emphasis in his 
papers of 1922 and 1925 (Nos. 10 and 11 in the present 
volume ). Since then, the assertions that the maximum 
likelihood estimates are always efficient and that this 
discovery was made by Fisher have become generally 
accepted and have been repeated in many textbooks. 
Actually, the proofs of the efficiency of maximum likeli- 
hood estimates offered both by Edgeworth and by 
Fisher are inaccurate, and the assertion, taken in its 
full generality, is false. Nevertheless, in cases of asymp 
totic normality, maximum likelihood estimates do 
minimize the asymptotic variance compared with a 
somewhat narrower class of alternative estimates. There- 
fore, Edgeworth’s conjecture proved useful and im 
portant. As mentioned, it is likely that, when writing 
his papers of 1922 and 1925, Fisher was not aware of 
Edgeworth’s results. However, in 1934 Bowley called 
Fisher's attention to the fact that some of the results 
claimed by him had already been published in Edge 
worth’s paper of 1908 (J. Roy. Statist. Soc., 98, 56 
1935]). Fisher’s reply to Bowley (ibid., 77) is a master- 
piece of polemics, and the claim of Edgeworth’s pri 
ority was neither granted nor denied. By implication, 
however, Fisher admitted having read the paper by 
Edgeworth. 

Since the results of Edgeworth (1908) described 
above form a very substantial part of Fisher’s paper of 
1922, one would think that the prefatory note used 
with this paper (or, perhaps, with the paper of 1925 


republished in the present volume would contain some 
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reference to Edgeworth. It does not. Instead it contains 
passages like the following (p. 10.308a): “. . . Con- 
sequently, one purpose of the paper is to examine the 
properties of the likelihood function, here defined, and 
the properties of the estimates arrived at by maximiz- 
ing this function. Several fruitful ideas, such as the meas- 
urement of the amount of information, emerge. ‘ 
No mention is made by Fisher that, some thirteen years 
previously, the same idea “emerged” in the mind of 
Edgeworth cit., 678) the only difference being 
that Edgeworth’s measure is the reciprocal of that of 
Fisher and does not bear the picturesque label of 


loc. 


“amount of information.” 

J. NeyMANn 
Department of Mathematics 
University of California, Berkeley 


LEPIDOPTEROLOGY 


A Field Guide to the Butterflies of North America East 
of the Great Plains. Alexander B. Klots. xvi + 349 pp. 
+ 40 plates, 16 in full color. $3.75. Houghton Mifflin, 


Boston. 1951. 


OT since the publication of Scudder’s classical 

work in 1889 have our Eastern butterflies been 
treated in such a thorough and scholarly manner as in 
Professor Klots’ Field Guide; and no other book on 
North American butterflies can be compared to it. In- 
tensive work in the field over a large part of North 
America, supplemented by detailed and long-continued 
study in the laboratory, has given Dr. Klots an inti- 
mate knowledge of all aspects of our butterfly fauna 
equaled by few other workers—if any. Our fauna, in 
large part a northerly attenuated extension of that of 
tropical America, cannot really be appreciated unless 
one is familiar in the field with the latter. Dr. Klots 
has collected and studied butterflies in some of the rich- 
est areas in South America; also, he is far more: familiar 
than most lepidopterists with the fauna of Europe and 
Asia. 

The Field Guide is much more than its title would 
indicate. It is invaluable for the professional quite as 
much as for the amateur. Brief but adequate descrip- 
tions of all the species are supplemented by notes on the 
occurrence, seasons, early stages, and food plants; the 
ranges are accurately given. Subspecies are quite prop- 
erly relegated to a subordinate position. The numerous 
figures, both colored and black-and-white, are excellent. 
The distinguishing features of most species are indicated 
by leading lines, which is very helpful, and the locality of 
each figured specimen is given. 

In addition to the accounts of the individual species, 
there is a detailed introduction that includes informa- 
tion on the collecting and preservation of specimens, 
fine discussion of habitats and habits of 


and a very 
their environment, their 


butterflies, their relation to 
life history, their structure and colors, and their classi- 
fication. At the end of the book there is an essay on 
principles of classification, a brief history of the study 


of our butterflies, a list of the more imp 
tions, a well-selected bibliography, and a | 
all the butterflies of eastern North America 
are especially good. 

For a book with such complex matter ar 
such a multiplicity of detail, errors are surpris 
On plate 14, page 113, Figure 14 should 
numbered 12, Figure 12 should be 13, and 
should be 14; on plate 28, page 225, Figures 10 ang } 
are exchanged; on plate 35, page 288, the legend {,, 
Figure 7 (Poanes hobomok) is omitted. These are od 
torial errors for which the author can scarcely be held 
responsible. 

Dr. Klots is to be congratulated on produ 
outstanding contribution to the study of North Amor. 
can butterflies. 
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AustTINn H. Crap 
Smithsonian Institution 
Washington, D. C. 


THE GENE AND YOU 

The New You and Heredity. Amram Scheinfeld 

+616 pp. Illus. $5.00. Lippincott, Philadelphia 

The New You and Heredity is an extensive revision 
and enlargement of the older volume published tw 
years ago. Four fifths of the book are entirely new or ev- 
tensively rewritten, and the new edition is half agziy 
as large as the older one. The remarkable insight in 
problems of human genetics displayed in the first 
tion by the author, who is not a professional geneti 
has again been demonstrated in the present editior 
The same friendly, intimate style is used, sobered some. 
what by experience, but still carrying the reader al 
on a continued wave of interest. Although the criti 
of oversimplification that was frequently lodged agains 
the earlier presentation is still to some extent valid, | 
general reading public will find much of absorbing 
terest and lasting value in the book. New material 1- 
cludes a discussion of the Rh factors, the Russiar 
genetics controversy, and the possible genetic eff 
of atomic bombing. Kinsey’s studies are comprehensively 
considered in the chapter on Sex Life. The author: 
personal study of the inheritance of musical talent, 
which was not the most valuable part of the eat! 
edition, has been condensed and summarized 

Throughout the book a commendable awareness 
the interaction of heredity and environment 1s 
parent. Another commendable feature is the constatl 
attempt, certain to be successful, to start the reader 
thinking for himself in terms of the social and perso! 
implications of human genetics. As in the pre\ 
excellent, many of t! 


ects 


volume, the illustrations are 
clever, and all accomplishing their purpose clear! 
efficiently. The new illustrations are even better 


1] 
| in 


the older ones, which is saying a good deal. A 
the book can be highly recommended to those seekin 
an introductory acquaintance to human heredity 

LAURENCE H. Snyo# 
The University of Oklahoma 
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